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ABSTRACT 
Overabundant white-tailed deer herds often have negative impacts on forests such as 
impeding future regeneration of woody species, and extirpating spring wildflowers. Direct 
conflicts with humans also arise in the form of deer-vehicle collisions and agricultural 
depredation. Thus, reducing deer herds to sustainable levels has become a priority for resource 
managers. In this study I present the results of a white-tailed deer (Odocoileus virginianus) 
management program initiated in 2004 to reduce deer densities at Robert Allerton Park, 
historically a refuge from hunting, located in Monticello, IL. The project entailed monitoring 
deer densities by both visual and infrared helicopter surveys.  The 600 hectare park had been 
closed to hunting until 2004 when a total of 730 deer were counted on the entire survey area (the 
park and the surrounding 2,953 ha). The deer management program (2004-2010) utilized archery 
and shotgun hunting combined with an initial 2 years of culling via sharp shooting. Hunters were 
required to volunteer 40 hours of service to the park, pass a target-proficiency test, comply with 
an earn-a-buck program (harvest a doe first), and follow all state hunting regulations. To monitor 
changes in deer densities, 15 aerial surveys were conducted over a two year period (2007-2009), 
including 7 visual flights over snow cover (Jan.-March) and 8 infrared flights. The helicopter 
survey results indicate that deer counts as indicated by infrared surveys and visual surveys over 
snow cover were similar (not significantly different). Infrared surveys extended the ability to 
count deer in the absence of snow cover. The hunting program has reduced deer densities, with a 
most recent visual aerial survey indicating 197 deer in 2010. The population is being maintained 
at current levels using archery hunting only. In the spring of 2009, evaluation of the status of 
spring wildflowers was considered for 207 selected upland sites in the park, replicating plant 
surveys conducted before management of the deer herd had begun. As would be expected, there 
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is no clear indication of a recovery of spring wildflowers, given that deer numbers have only 
recently been reduced. The well documented Robert Allerton Park deer management effort 
builds on a wealth of deer research and monitoring of the population in the region over many 
decades. Hence, the study provides information that will be very useful in framing deer 
management programs elsewhere in the Midwest.  
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CHAPTER 1 
LITERATURE REVIEW 
1.1 Introduction-Midwest Agricultural Region 
 The Midwest agricultural region is bordered to the north by the northern hardwoods of 
Michigan, Wisconsin, and Minnesota, southward to the oak/hickory forests of Missouri and 
Illinois, east to the beech-maple forests of western Ohio, and west to the short grass prairies of 
western Kansas and Nebraska (Küchler 1966, Gladfelter 1984). The area as a whole is known for  
highly productive soils, and landscape dominated by agricultural production.  
Loss of habitat, decreasing numbers of hunters, reduced hunter access, attitudes regarding 
hunting, health and safety concerns, and a large deer population underpin the issues facing deer 
management in the agricultural Midwest. Unlike other regions, deer in the rural Midwest occupy 
environments that are dominated by agriculture. High prices for crops have given farmers 
incentives to cultivate every inch of their fields, leaving little in the way of fencerows, 
waterways, or set-aside lands, such as lands enrolled in the Conservation Reserve Program 
(CRP).  
 Nearly all of the land in this region is under private ownership which means that hunter 
access is variable and often limited. Particularly in a society filled with litigation, private 
landowners are less likely to allow access to hunters (Messmer et al. 1997). Compounding this 
issue is the increasing age of the average hunter. Fewer young people are hunting (Brown et al. 
2000), which limits the potential of hunting to control deer densities. In some areas outfitters 
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have emerged to capitalize on the influx of hunters into the state, again complicating deer herd 
management for state officials.  
Attitudes regarding hunting also hinder management by harvesting of deer; for example, 
animal rights groups often oppose recreational hunting (Kilpatrick and Walter 1999). Health 
concerns are also on the public’s mind, especially where deer densities are very high.  
Suburban expansion has also affected deer behavior and habitat in the Midwest. 
Perceived safety concerns in more populated residential areas, and regulations that limit hunting 
in such areas, force deer managers to consider non-traditional deer management options (Harden 
et al. 2005).   
1.2 History 
Deer populations in the Midwestern agricultural region and Illinois in particular have 
undergone substantial changes since the settlement of the area by Europeans in the early 
nineteenth century. White-tailed deer were nearly brought to extinction in the early part of the 
twentieth century, and more recently have become increasingly abundant (Wood 1910, Pietsch 
1954, Sanderson and Speaker 1954, Nixon et al. 1991). One of the habitats with the highest deer 
density historically was the woodland-grassland junction of the Midwestern United States 
(Anderson 1964, Trefethen 1970). Illinois may have been near the center of deer abundance on 
the continent before European settlement (Seton 1929, Mills et al. 1966). One man estimated the 
deer density to be 22.4/km
2
 for a portion of central Indiana in 1820 (McCabe and McCabe 1984). 
Illinois was most likely just as productive in terms of deer density at this time.  
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Numbers of deer increased in Illinois between the 1820’s and 1850’s due to the 
extirpation of both large deer predators and Indian tribes (Wood 1910). Between the 1850’s and 
1870’s deer numbers declined due to unregulated hunting and habitat destruction (Nixon et al. 
1991). Illinois instituted its first hunting restrictions on deer in 1853, prohibiting hunting 
between January 1
st
 and July 20
th
. During this time the human population in Illinois increased 
dramatically. By 1873, Illinois instituted even stricter deer hunting regulations; however it was 
too late as the deer population continued to decline. As a result, deer hunting was closed in 
Illinois in 1901, and by then deer had been functionally extirpated from the state (Pietsch 1954). 
The last deer reported in east-central Illinois was in Champaign county in 1880 (Wood 1910). 
However, deer were evidently in Piatt County in 1898 as the local conservation warden 
confiscated several specimens that year (Stratman and Swango 1987). In 1903, releases of deer 
from captive herds started the species recovery effort in northern Illinois, and deer were 
subsequently translocated from northern Illinois and a few southern counties into the rest of the 
state (Pietsch 1954). 
In recent decades deer populations in Illinois and the Midwest have increased 
dramatically, especially in areas where deer are protected from hunting (Hansen et al 1997). Due 
to the efforts by state divisions of natural resources, deer populations have recovered in all parts 
of the Midwest. Whereas deer were functionally extirpated from Illinois by the turn of the 
twentieth century, by the twenty-first century the population had reached a pre-hunt density of 
nearly 1 million. In 1985 the deer density in a 2,953 ha (29.2 km
2
) study area in Piatt County, 
Illinois was 2.7/km
2
 (Nixon et al. 1991). By 2004 the deer density had increased to 24.7/km
2
 in 
the same area.  
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1.3 Behavior 
The modern Midwestern deer occupies an environment much different than its pre-
European settlement ancestors. Instead of expanses of prairie and large riparian forests, what 
remains are fragmented forests and a matrix of agricultural fields. This new environment 
provides deer with an unlimited highly nutritious food supply, i.e. corn and soybeans. Deer have 
adapted to the fragmented nature of the land as well as the seasonal destruction of unlimited 
diurnal cover in agricultural fields (Nixon et al. 1991). This flexible behavior distinguishes 
Midwestern agricultural deer from herds in the north, south, east and west.  
Although deer are not generally considered territorial, they occupy well defined home 
ranges year after year, and sometimes will defend limited resources (Ozoga 1972, Staines 1974, 
Nixon et al. 1991). Deer movements are dictated by age, sex, and social position (Nixon et al. 
1991). Males are more mobile than females, and yearlings move more than other age classes 
(Gavin et al. 1984). It is important to note that in this region many females disperse or migrate 
away from their natal range (Nixon et al. 1991, Nixon et al. 2007). Limited woodland habitat 
offering parturition sites as well as high fawn densities in the spring are thought to trigger female 
dispersal behavior in the agricultural Midwest (Nixon et al. 2007, Nixon et al. 2008).  This 
complicates management of deer herds because deer managers do not have control over how 
many female deer disperse into a management area. Due to deer movements the size and shape 
of a parcel, as well as features of the surrounding landscape must be considered in management 
decisions (Webb et al. 2006).  
White-tailed deer are social animals and form groups of females and males. Female-
dominated groups are centered around a matriarch and several generations of fawns (Hawkins 
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and Klimstra 1970). Most males usually leave these maternal groups before reaching sexual 
maturity at 1.5 years of age. Male groups include several adult and yearlings, and are commonly 
observed from winter into early fall (Hawkins and Klimstra 1970). These fraternal groups break 
up during the fall rut and reconvene after the rut is over. During the rut, rubbing and scraping 
behavior are important social behaviors performed by males (Moore and Marchinton 1974). 
Social interaction between sexes usually occurs only during the rut.  
White-tailed deer are herbivores with a small rumen, and therefore spend the majority of 
their time feeding.  In the Midwest, deer typically spend the diurnal hours in a woodland refuge 
and nocturnal hours in agricultural fields (Nixon et al. 1991). During spring and summer they 
feed on forbs and grasses, while in the fall and winter hard mast and agricultural crop residues 
dominate the diet (Smith 1982). White-tailed deer graze preferentially on certain plant species, 
including spring wildflowers (Johnson et al. 1995, Augustine and Jordan 1998, Frankland and 
Nelson 2003), and they select the most nutritious food available (McCullough et al. 1989).  In 
intensively farmed regions like Illinois, crops are an important year-round source of food, 
representing as much as 78% of the total diet (Gladfelter 1984, Nixon et al. 1991). Depredation 
of agricultural crops can be severe, resulting in significant economic loses, often motivating 
farmers to reduce deer numbers.  
1.4 Population Ecology 
 Population density is highest in refuges where deer have access to croplands and hunting 
pressure is minimal. Densities can range from 2 to 31 deer per square kilometer in the region 
(Gladfelter 1984). The physical condition of the deer is excellent, given a steady diet of 
nutritious agricultural crops. Due to excellent physical condition, fawn recruitment rates are 
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high, and many females breed in their first year. The age structure of most populations is young 
because of hunting mortality, but on refuges not exposed to hunting this is not the case. Non-
hunted populations have an older age structure due to reduced adult and high fawn mortality 
(Smith 1982). It is important to note that because hunters have a preference for antlered males, 
females have an older age structure compared to males.  
Deer mortality is influenced primarily by season and hunting pressures (Smith 1991). In 
mild climates and areas with abundant food supplies such as the agricultural areas of the 
Midwest, hunting mortality is additive compared to harsher environments where hunting 
mortality is more compensatory (Dusek et al. 1989). Hunting pressure has the greatest influence 
on the rates of population change (Fuller 1990). Males experience greater mortality rates during 
the fall rut due to increased movements associated with breeding, which increases the risk of 
dying from nearly all causes, including hunting mortality, because the hunting and breeding 
seasons are concurrently (Nixon et al. 2001).  Other causes of mortality include vehicle 
collisions, malnutrition, predation, parasites, disease, and fence entanglement (Smith 1982). In 
Piatt county Illinois, fawn mortality was documented at 11% (Nixon et al. 1991), while in 
western and northern Illinois fawn mortality was found to range from 15% to 24% (Nixon and 
Etter 1995).   
The primary non-human predators of deer (wolves and cougars) have been extirpated 
from the majority of the white tailed-deer’s range. In the absence of these large predators deer 
populations have been able to grow exponentially in many areas. The unlimited food supply in 
the agricultural Midwest also contributed to this growth. However, coyotes have become 
significant predators of deer, being responsible for up to 80% of fawn mortality; a study in Iowa 
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documented 53.8% of marked fawns being killed by coyotes (Beasom 1974, Cook et al. 1971, 
Huegel et al. 1985). Flight is the primary means of predator defense that deer exhibit. Deer in 
flight erect their white tail, a behavior which serves to reduce predation of neonates as well as 
keep individuals in groups (Smith 1991).  
1.5 Impacts of Overabundance of White-tailed Deer  
Recently, deer have become so abundant that they are negatively impacting ecosystems 
by impeding forest regeneration and devastating spring wildflowers (Kraft et al. 2004).  As 
previously stated, this overabundance can be attributed to the deer’s ability to adapt to different 
habitats (Rawinski 2008), an abundance of resources (food- e.g.-corn and soybeans), a lack of 
deer predators, and hunter preferences for male deer.  
Deer overpopulations have become a serious menace on the highways of Illinois, e.g. 
collisions with vehicles. Deer–vehicle collisions represent about 6% of total accidents in Illinois 
(Deer Crash 2008). It has already been established that farmers experience reduced yields due to 
deer depredation, but even the average suburban homeowner may experience deer browsing on 
their landscaping. Concerns of deer overabundance and their role in increasing the spatial 
distribution of tick-vectors of Lyme disease has been expressed (Connelly et al. 1987). All of the 
above mentioned deer activities have a direct or indirect economic impact. In Illinois, hunters 
have enjoyed the benefits of a large deer herd and the hunting industry has grown substantially 
over the past few decades.  
White-tailed deer populations are concentrated in woodland areas throughout the eastern 
United States (Augustine & Frelich 1998; Franklin & Nelson 2003; Knight et al. 2006). Because 
deer are herbivores, the high density of deer in these areas impact natural vegetation, in 
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particular spring wildflowers and saplings. Regeneration of forests is impeded when deer 
densities are high, and diversity of tree species is reduced (Tilghman 1989). Robert Allerton Park 
in east-central Illinois is a perfect example of the negative consequences associated with 
overabundant deer.  Study plots in Robert Allerton Park show that tree density has declined from 
619 stems per hectare to 447 stems in the last 30 years (Becker 2009). Deer have been shown to 
preferentially graze on certain plant species such as spring wildflowers and ignore other species 
including invasive species such as garlic mustard (Alliaria petiolata) (Johnson et al. 1995, 
Augustine and Jordan 1998, Frankland and Nelson 2003).  Because deer have a preference for 
grazing flowering vegetation, the life-cycle of such species as Trillium spp. for example is 
disrupted (Augustine & Frelich 1998; Franklin & Nelson 2003; Knight et al. 2006). Reduction in 
deer densities has been shown to alleviate pressures on spring wildflowers as demonstrated by 
their recovery (Anderson 1994).   
1.6 Deer Management Techniques 
 The factors that are affecting deer and their management in the Midwest are dynamic. 
Many challenges remain for curbing the growth in deer densities. Over the years many different 
strategies have been implemented, and recently newer techniques are gaining popularity. The 
techniques can be grouped into two categories, lethal control methods and non-lethal control 
methods.  
Lethal Control 
 A controlled hunt of some form is the most common choice when dealing with an 
overabundant deer herd. This is especially true in rural areas where non-lethal control is not 
applicable and public relations are not an issue. Archery hunting is commonly used when safety 
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is a concern, such as in highly populated areas. Shotgun hunting is also preferred over rifles in 
these areas; most states in the agricultural Midwest do not allow rifle hunting. One study in Ohio 
estimated the cost of a controlled deer hunt to be $45 per deer (Peck and Stahl 1997). In 
suburban areas, protestors of hunting have significantly increased the cost of managing hunting 
programs by disrupting management activities (Kilpatrick and Walter 1999). Safety remains a 
major concern for the public when hunting is allowed. However, many studies have found that 
utilizing a hunter selection process screening potential hunters, combined with a shooting 
proficiency test, greatly increases public safety (Ver Steeg et al 1995, Kilpatrick and Walter 
1999). The proficiency test requires hunters to have a certain level of shooting ability before they 
are allowed to hunt.  Another concern with allowing hunting is the wounding of animals that 
eventually die, and with wounded animals wandering onto adjacent properties. Studies indicate 
wounding loss by bow hunters to be 9%-37% (Kilpatrick and Walter 1999, Nixon et al. 2001). 
Controlled hunts provide access to hunting lands and recreation value to participating hunters. 
Controlled hunts do reduce local deer populations as documented by many studies (Krefting and 
Erickson 1956, Roseberry et al. 1966, Hansen and Beringer 1997, Peck and Stahl 1997, 
Kilpatrick and Walter 1999, Kilpatrick et al. 2002, McDonald et al. 2007).  
 Sharp shooting involves trained professionals harvesting deer with firearms in a short 
amount of time. Bait piles of corn are typically utilized to attract deer.  Costs ranging from $91 to 
$260 per deer have been reported (DeNicola 1997). The technique is often used and has proven 
to be a successful method in reducing local deer populations (Ver Steeg et al 1995). Intensive 
management is required for most public hunts. Therefore sharp shooting can be more cost 
effective (DeNicola et al. 1997), however most often it is one of the most expensive options. 
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Sharp shooting is often considered the best option when public safety is of high concern and 
public hunting is not an option.  
 It is clear that the introduction of predators is not a solution to deer overabundance in the 
agricultural Midwest, even though the reintroduction of predators is commonly suggested. 
Historically, the main predators of deer were wolves, coyotes, and cougars. Coyotes already exist 
throughout the range of the white-tailed deer, and represent a significant proportion of fawn 
mortality (Cook et al. 1971, Beasom 1974). Even with increasing coyote populations (Gosselink 
et al. 2003), deer have continued to increase. Wolves and cougars would both have a much 
bigger impact on reducing deer populations, but are not compatible with human land use in the 
agricultural Midwest (Mech 2001, Dickson and Beir 2002). 
Non-lethal Control 
 Trapping and relocating deer has been used when lethal control is not an option, although 
this approach is not considered as economically or ecologically viable. Trapped deer have to be 
relocated, for example, to deer farms, or public lands with depleted deer populations (Messmer et 
al. 1997). Complicating matters is the ban on moving deer due to disease concerns such as 
Chronic Wasting Disease (CWD) for many Midwestern states. Mortality rates for translocated 
deer can be as low as 15% and as high as 79% making this non-lethal technique potentially lethal 
in many cases (Peck and Stahl 1997). An Illinois study indicated a survival rate of 56% for deer 
translocated from Cook County (Jones and Witham 1990). One study estimates the average cost 
of moving a deer at $133 (Peck and Stahl 1997), but other relocation efforts have cost as much as 
$431 per deer (O’Bryan and McCullough 1985). As with all non-lethal control methods cost is 
the biggest issue affecting the use of this technique, and especially in a region with a migratory 
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female population it is difficult to justify this cost. Non-lethal control is most applicable to closed 
systems where movement of individuals in and out is restricted.  
Birth control hormones have been used as well. Oral birth control options have been 
replaced more recently by immunocontraceptive vaccines, which are given in the form of an 
injection. Porcine zona pellucida (PZP) is a immunocotraceptive birth control vaccine that has 
been used on many ungulate species to control populations (Naugle et al 2002 , Rutberg et al. 
2003). The cost of this technique can be as high as $1,128 per deer (Peck and Stahl 1997, Walter 
et al. 2002). Deer must be re-vaccinated multiple times throughout life because infertility is 
temporary (Gionfriddo et al. 2009). Vaccines can stabilize and even reduce deer densities; 
greatest success occurs when dealing with small closed populations (DeNicola et al. 1996). 
Liability is of concern, in the form of side effects on non-target species, (Messmer et al. 1997), 
as deer are a food product for many hunters and their families. This is especially important to 
consider if the birth control method involves reproductive hormones. Tubal ligation has even 
been utilized as a technique although the high cost of this technique is not viable in most 
circumstances. However, tubal ligation is the only non-lethal control measure that results in 
permanent infertility (MacLean et al. 2006). This technique can only be applied in closed 
systems and is not successful when immigration into the system is frequent (Merrill et al. 2006). 
 1.7 Surveys for Counting White-Tailed Deer 
Over the years many different survey techniques have been used to estimate deer 
populations. Accurate estimates of deer densities are necessary for assessments of population 
trends and management of deer herds. Ultimately, these estimates are the basis for harvest goals 
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set by wildlife managers (Miller et al. 1997).  The survey techniques examined in this study 
include aerial surveys (visual and infrared) and spotlight surveys.   
Aerial Surveys 
Visual aerial surveys are the traditional method of conducting aerial surveys for deer. 
Known limitations to visual surveys include coniferous forest cover or closed canopy forest that 
block visibility (Potvin et al. 2004), and that snow must be present in forested landscapes. Aerial 
surveys, using either a helicopter or fixed wing plane are perhaps the most accurate form of deer 
population surveys. Aerial surveys allow for a large area to be surveyed in a short amount of 
time. This method tends to be more expensive than other techniques. Visual surveys have been 
considered to generate biased deer population estimates when observers miss deer or double 
count them due to poor snow conditions, high speed or high altitude flights, as well as observer 
error (Caughley 1974). 
Both visual and infrared flights can be conducted in either a helicopter or a fixed wing 
plane. A helicopter allows for lower altitudes as well as slower speeds during the survey, and 
therefore is the preferred aircraft (Haroldson et al. 2003). Helicopters are able to hover if a large 
group of deer is spotted and more time is needed to count them. The availability of helicopters is 
limited, and helicopters are much more expensive to rent than fixed wing planes. Fixed wing 
planes are used when it is permissible to fly at higher altitudes and a higher rate of speed. The 
supply of fixed wing planes is much greater and the rental cost is significantly less than when 
using helicopters.  Because of lower speeds and better maneuverability helicopters are the 
aircraft of choice for most white-tailed deer surveys.  
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A more recent approach to aerial deer surveys utilizes an infrared camera.  These surveys 
most commonly use a Forward Looking Infrared (FLIR) camera (Bernatas and Nelson 2004). 
Infrared surveys have the potential to alleviate some of the bias associated with visual aerial deer 
surveys. The limited applications to date show contradictory or uneven results (Potvin and 
Breton 2005). Accuracy of infrared surveys has been reported to range from 70-97% using 
known numbers of animals (Wiggers and Beckerman 1993, Croon et al. 1968). The two key 
advantages of infrared surveys are the ability to conduct surveys without snow, and a shorter 
flight time, which is usually only half that of visual surveys. A drawback to infrared surveys is 
that thermal energy does not penetrate green-leaf canopy forests, thus infrared surveys also have 
limited uses in coniferous or closed canopy areas after leaf out (Croon et al. 1968, Haroldson et 
al. 2003). 
Little research has been done on the effectiveness of infrared surveys on large scale 
natural areas. Most studies investigating accuracy are done using a known number of animals in 
an enclosure (Wiggers and Beckerman 1993). Infrared and visual surveys both have 
disadvantages, but infrared technology is constantly improving and becoming more applicable to 
wildlife surveys (Naugle et al. 1996).  
Spotlight Surveys 
Roadside spotlight surveys are a common deer survey technique because of their 
simplicity and low cost.  Spotlight surveys consist of driving a vehicle along a designated route 
where deer are observed via a spotlight.  Spotlight counts are indices of the population status, 
and therefore are not necessarily indicative of the true population size (Anderson 2003).  Thick 
understory vegetation and other visual obstructions limit the range of spotlights (McCullough 
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1982), and larger parks often do not have a road system that allows spotlighting of the entire 
area.  Regardless of the limitations, deer managers continue to use spotlight surveys as a method 
of estimating deer populations. Spotlight surveys continue to have management value (Collier et 
al. 2007) and have been shown to be an effective means of providing indices to the direction of 
population status, whether increasing or decreasing (Belant and Seamans 2000).  
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CHAPTER 2 
A MODEL DEER MANAGEMENT PROGRAM AT ROBERT ALLERTON PARK 
2.1 Introduction 
 The ecology and management of Odocoileus virginianus (white-tailed deer) is an 
important focus of natural resource agencies in North America. Deer are highly valued for sport 
hunting, while at the same time they are viewed as pests in many settings. The ecological and 
behavioral factors affecting the expanding abundance and distribution of this species are 
dynamic, as are the socioeconomic considerations that underpin deer management. Deer now 
thrive in suburban and agricultural dominated landscapes (Smith 1991), thereby increasing 
human-deer interactions. High deer densities lead to increased deer vehicle collisions (Nielson et 
al. 2003). Gardeners and farmers alike realize damaged plants and reduced yields due to deer 
overabundance (Morgan et al. 1992). High densities of deer can decimate forest regeneration, 
and extirpate spring wildflowers (Augustine & Frelich 1998; Franklin & Nelson 2003; Knight et 
al. 2006), and these deer pressures compromise the ecological health of small natural areas in the 
Midwest. 
 This research focuses on an area in east central Illinois experiencing all of the above 
mentioned deer pressures. Robert Allerton Park is primarily an oak-hickory forest situated amid 
a sea of agricultural production. The park is 1,500 acres in size. The long history of deer research 
at the site makes for a perfect location to study the impacts of management activities, as well as 
the pressures placed on the park by overabundant deer.   
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Deer herds in the agricultural Midwest have increased dramatically in recent years. Deer 
have adapted to an environment where agricultural fields are their main food supply and small 
woodlots are their refuge. These small refuges exist along river corridors and in suburban 
environments. The Robert Allerton Park deer herd, like the rest of the Midwest, has undergone 
substantial changes in recent decades. Beginning in 1981 helicopter counts were conducted in the 
Robert Allerton Park survey area, which includes the park and surrounding lands, a 2,953 hectare 
area. In 1981, fewer than 100 deer were counted in the survey area. By 2004, 730 deer were 
observed in the same area.  
In this study, aerial surveys were utilized to track trends in numbers of deer annually. 
Traditionally, white-tailed deer population surveys are conducted by flying a helicopter or fixed 
wing plane over the target deer herd after a fresh snow, allowing for an ideal contrast between 
deer and the ground (Stoll et al. 1991). It is becoming increasingly difficult to conduct visual 
aerial surveys throughout the Midwest because of increasing demand for deer surveys, the 
limited aircraft available, and the uncertainty of substantial winter snow events (Haroldson et al. 
2003).  Aerial infrared surveys use heat sensing cameras to detect objects in the environment 
emitting infrared heat, which allows aerial surveys to occur without snow cover from leaf drop to 
leaf out each year. Infrared surveys have the potential to overcome some of the disadvantages of 
visual surveys, making research in this area of particular importance to wildlife managers 
(Naugle et al.  1996).   
   The overall aim of managing Robert Allerton Park’s natural ecosystem is to protect its 
capacity for self-renewal, a concept of land management and health that was championed by 
Aldo Leopold over half a century ago. The challenge at Robert Allerton Park was to manage the 
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deer herd in such a way that promoted the overall ecological health of the park, so that native 
prairie trilliums, bloodroot, and Dutchman's breeches are part of the spring wildflower panorama 
and oak and hickory seedlings can live to maturity. Although some patrons of the park may want 
to see deer every time they visit park grounds, high deer densities come at a cost. 
Several objectives were established for this study.  The first was to implement a deer 
management hunting program to reduce the local deer population that is socially and 
ecologically appropriate for Allerton Park and the broader regional setting.  Another objective 
was to evaluate the impact of the hunting program on deer in the Allerton setting, including 
trends in deer densities. A third objective was to explore the use of infrared helicopter counts and 
compare infrared aerial counts with visual aerial counts of deer on snow.  A final objective was 
to assess the impact of the deer reduction to date on forest flora, emphasizing spring wildflowers.  
2.2 Methods 
Study Area 
The study site was Robert Allerton Park, located just South-West of Monticello, IL at N 
40.00507 W 088.64837. Climate in the region is temperate continental, with January averaging 
3.1°C and July averaging 23.6°C (Trewartha 1968). Precipitation averages 965 mm annually and 
isdistributed relatively evenly throughout the year (Illinois State Water Survey Records for 
Urbana, IL). The park consists of approximately 600 hectares of upland and floodplain forest, 
surrounded by row crop agriculture. Robert Allerton Park is one of the largest tracts of 
contiguous forest in central Illinois. In fact Robert Allerton Park is one of only three locations in 
central Illinois with 200 or more hectares of contiguous forest. Extensive woodlands of any sort 
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are rare in central Illinois. The park is utilized by thousands of visitors each year, and the natural 
areas have served as a living laboratory for University of Illinois researchers for many years.  
These natural areas include impressive examples of old growth floodplain and upland 
forests, as well as recently established wetland and prairie restorations. Upland forests are 
dominated by oak and hickory, while bottomlands are typically dominated by silver maples 
(Acer saccharinum) (Jones and Bell 1974).  In addition, the park is positioned along an 
unmodified stretch of the Sangamon River, which is itself remarkable in a part of the state where 
nearly all waterways have been altered to facilitate drainage. Portions of the natural areas at 
Robert Allerton Park were designated as a National Natural Landmark by the National Park 
Service in 1971.   
The deer population survey area includes the 600 ha park as well as the immediately 
surrounding land, a total of 2,953 hectares (29.5 km
2
) (Figure 1). Two river bridges serve as the 
boundary of the survey area, Bridge Street Bridge to the north/east and Hogchute Bridge to the 
south/west. Approximately 64% of the survey area was row cropped (corn/soybeans) or in 
improved pasture. Wheat is planted in a few fields. Crops are generally planted in April-June and 
are harvested September-November. Soybean fields were left in stubble, while most corn fields 
were either disked or chisel plowed.   Forests cover about 36% of the entire area and are located 
along the Sangamon River and other smaller waterways. Upland forest represents about 22% and 
bottomland forests about 14%. Approximately 35 occupied houses are present in the survey area.  
Young upland stands approximately 50-100 years of age consist of American elm (Ulmus 
americanus), slippery elms (Ulmus rubra), black walnut (Juglans nigra), honeylocust (Gleditsia 
triacanthos), black cherry (Prunus serotina), sassafras (Sassafras albidum), and shingle oak 
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(Quercus imbricaria) (Nixon 1991). A large proportion of the understory of these younger stands 
is heavily infested with Japanese multi-flora rose as well as privet in most areas, although some 
young stands still have avoided these exotic invasive species.  
More mature upland stands are dominated by white oak (Quercus alba), black oak 
(Quercus velutina), and northern red oak (Quercus rubra). Several hickory species occur in 
association with these oaks, including: shag bark hickory (Carya ovata), shellbark hickory 
(Carya laciniosa), mockernut hickory (Carya alba), bitternut hickory (Carya cordiformis), and a 
few others (Nixon 1991). Some of the oak hickory forests in the area are currently undergoing a 
transition into stands dominated by sugar maples (Acer saccharum). Approximately 200 hectares 
of Robert Allerton Park are currently burned roughly every10 years to maintain the oak-hickory 
forest type. Invasive species such as Japanese multi-flora rose and privet are not as prevalent in 
these more mature stands; however they are certainly present in small patches. Garlic mustard is 
well established and of growing concern throughout the forest.  
Due to the flooding regimes of the Sangamon River, the bottomland forests are 
dominated by silver maple (Nixon 1991). The understory is fairly open due to these flooding 
regimes with giant ragweed being the primary component in more dry years. Better drained sites 
exhibit a more diverse forest with species such as sycamore (Platanus occidentalis), elms, green 
ash (Fraxinus pennsylvanica), hackberry (Celtis occidentalis), and bur oak (Quercus 
macrocarpa) (Jones and Bell 1974).  
Hunting Procedures 
In 2004, Robert Allerton Park implemented a deer hunt in order to reduce the deer herd 
and to stabilize the ecological health of the site. Guidance in designing this intervention was 
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derived from a variety of sources including: Illinois Department of Natural Resources biologists, 
Illinois Natural History Surveys scientists, and University of Illinois faculty and students.  A 
public hunt was deemed the only practical solution. Each year a harvest quota was set. This 
harvest goal was based on three principles; 1) target densities that would protect the flora of the 
park as indicated from other sites where deer control measures were adopted, 2) what was 
possible to achieve given the resources available, and 3) an acceptable annual harvest goal for 
the general public and hunting community.   
The 600 hectare park was broken up into 9 hunting zones: Green, Blue, Red, Orange, Sun 
Singer, Centaur, Fu Dog, Black, and Yellow (Figure 2). Each zone varied in size, and zones were 
determined based on land features and other landmarks such as roads and trails. Zones varied 
from 111 hectares to 27 hectares. A limit was placed on the number of hunters that were allowed 
to hunt in each zone. For instance, the orange zone (27 ha) allowed for only 2 hunters, while the 
red zone (111 ha) allowed for 10.  An archery hunter density of 1 hunter per 8 hectares was the 
target for the maximum hunter density in each zone. One hunter per 12 hectares was the target 
maximum hunting density for shotgun hunters.  
The deer management program over several years (2004 – 2009) included archery and 
shotgun hunting, in addition to culling via sharp shooting; archery hunting was the annual 
constant. The cost of hunting and culling was determined based on multiple factors: supplies, 
disease testing, staff salaries, interns, deer processing, money paid to sharp shooter, etc.  
Many rules of the Robert Allerton Park hunt remained constant from 2004 - 2009. All 
archery hunters were required to “earn a buck” (i.e., harvest a doe before a buck) and follow all 
state game laws.  Allerton hunters were not allowed to go onto private property unless an 
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Allerton staff member was present. All hunters (archery and shotgun) were required to bring all 
harvested deer to the Allerton Park’s deer-check-in station and to field dress the harvest deer at 
the check station. This enabled the enforcement of the “earn a buck” program, to collect samples 
for research and CWD surveillance, and to age deer using tooth wear techniques.  
The rules of the hunt were designed to minimize the impact of the hunt on the natural 
areas of the park. Creation of shooting lanes was not allowed. Screw in steps or other objects 
piercing the bark of trees were not allowed. Hunters were allowed to have one hang on/ladder 
stand in the park throughout the season, and were, in addition, allowed to use climbing tree 
stands. Wood stands were not permitted. All hunters were required to wear a safety harness 
while hunting and to label their stands with their hunter identification number. Archery hunters 
were also required to label their arrows with their identification number.  
All archery hunters were required to sign in at the check station and indicate their hunting 
zone, for both morning and evening hunts. During the first two years of the hunt, hunters were 
assigned zones. Each morning a lottery was conducted to guarantee a hunting zone. The first 
name drawn, had first choice for a hunting zone. Occasionally the competition for zones was 
high due to the limited number of hunting-spots available. The lottery was held approximately an 
hour and a half before legal shooting light, giving hunters plenty of time to get to their tree 
stands. Allerton staff monitored the lottery at the beginning of the season and during peak 
activity; however, for the majority of the season, hunters managed the lottery on their own. 
Shotgun hunters were also assigned a hunting zone to ensure optimal hunter density.  
Implemented in 2005/2006 was the requirement for hunters to pass a proficiency test. The 
archery proficiency test required hunters to hit a target plate from 20 yards with 3 out of 5 
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arrows. The shotgun test was similar, except shots were taken from a distance of 50 yards. If 
hunters could not pass this test they were not allowed to hunt.  
A hunter volunteer program was implemented in the 2006/2007 hunting season when 
hunters were required to volunteer 30 hours of work to the park. The volunteer hours increased 
to 40 hours in 2007/2008 and 2008/2009.It was required that these volunteers hours were 
completed by the beginning of the archery hunting season, October 1
st
. Only archery hunters 
were required to volunteer. Hunters selected to participate in volunteer efforts based on weekly 
notices sent during the summer highlighting volunteer opportunities. Each week during the 
summer, hunters sign up for projects that interested them and that helped Allerton staff. A few of 
the volunteer projects included invasive species management, seed collecting, log splitting, 
painting, picking up trash, weeding, trail maintenance, and many others (Figure 3). The value of 
this work in monetary terms was derived for each year.  This dollar value is derived by placing a 
value of $18 per hour for volunteer work (The Independent Sector 2005).   
Archery hunting was conducted during the entire state of Illinois archery season between 
October 1
st 
to January 15
th
 -17
th
, with the exception of the first year (2004-2005) in which only a 
partial 9 week season was offered (October 27
th
 to January 15
th
). However, archery hunting was 
not allowed during shotgun hunting seasons. Hunters were selected to participate in the program 
through a lottery conducted in the early spring.  
Shotgun hunting was conducted the first weekend of the Illinois shotgun season that takes 
place late in November.  Shotgun hunting was permitted during the hunting seasons of 2005-
2008. The entire park was closed to public access during shotgun hunting season.  Shotgun 
hunting was restricted to doe-only hunting except for the 2005/2006 hunting season, which 
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required hunters to abide by an earn-a-buck program.  Shotgun hunters were also selected via a 
lottery system. Archery hunters were given first preference for shotgun hunting spots.  
Culling via sharp shooting was conducted after the deer hunting season, in late January- 
February of 2005, 2006 and 2007. A private contractor was hired to cull deer with the assistance 
of Allerton staff. Bait piles of shelled corn were set up along the road, and all bait was removed 
after culling efforts were completed. Culling removed only antlerless deer, and all culled deer 
were processed and donated to local food pantries. The number of deer culled each year was 
based on the harvest success during the hunting season and the estimated population remaining 
after hunting harvests.  
 Harvest records for Robert Allerton Park and the areas immediately surrounding the park 
were stratified by four categories: Robert Allerton Park, Illinois Department of Natural 
Resources (IDNR), University of Illinois farms, and private property (Table 1). IDNR harvest 
records were obtained from IDNR staff and many IDNR hunters also checked their deer in at the 
Robert Allerton Park check station. U of I farms were required to report their harvest to Allerton 
staff. Private property harvest records were obtained by letters and phone calls to landowners.  
Ultimately, the Robert Allerton Park harvest records are the most complete because all hunters 
were required to check in harvested deer at the check in station.  
The management program had an adaptive nature that required changes from year to 
year. A hunting season is defined by fall (October) – winter (February), and therefore involves 
two calendar years, for example fall 2004/ winter 2005. The year-to-year nature is described 
below. 
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2004/2005 Management Program 
A target for deer reduction was not set; however the goal was to harvest as many deer as 
possible with the resources available. Archery hunting was permitted during part of the state 
archery season from Oct. 27- Jan. 15. Only the red, blue, and green zones were open for hunting.  
Hunters were required to register in advance, and were selected by lottery.  Hunters were given a 
one week time slot during the hunting season. They were also restricted to a specific hunting 
zone for that week.  A total of 170 hunters were allowed to participate in the hunt. More than 
1,040 hunters applied for 170 slots. Culling was conducted after the hunting season.  
2005/2006 Management Program 
A target was set to remove 300 deer from the park. Shotgun hunting was also allowed 
during the first three-day shotgun season. All archery-hunting zones were open for hunting, but 
three zones (Sun Singer, Centaur, and Fu Dog) on the north side of the park where open only for 
morning hunts. These same three zones also did not open until Oct. 27
th
. Hunters were required 
to register in advance, and were selected by lottery, but new in 2005 was a $25 application fee. 
Also new was the requirement for all hunters to pass a proficiency test to demonstrate their 
ability to harvest deer humanely. A total of 430 archery hunters and 55 shotgun hunters were 
given hunting access to the park.  
2006/2007 Management Program 
A target was set to remove 175 deer. Archery hunting was again allowed during the entire 
archery season, and shotgun hunting only during the first shotgun season. All hunting zones were 
again open for hunting, but three zones (Sun Singer, Centaur, and Fu Dog) on the north side of 
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the park where open only for morning hunts. These zones again opened on Oct. 27
th
.  Hunters 
were required to register in advance, and were selected by lottery, pass a proficiency test, but 
new in 2006 was a 30 hour volunteer service requirement. Hunters were required to complete 
these hours through service projects in the park ranging from carpentry to natural areas 
management. A total of 55 archery hunters and 40 shotgun hunters were allowed to participate in 
the hunt.  
2007/2008 Management Program 
A target was set to remove 200 deer. Archery hunting was again allowed during the entire 
archery season, and shotgun hunting only during the first shotgun season. Hunting zones were 
the same as in the previous year, including opening dates. Hunters were required to register in 
advance, and were selected by lottery, pass a proficiency test, but new in 2007 was an increase in 
the number of volunteer hours. Hunters were required to provide 40 hours of volunteer service to 
the park. A total of 65 archery hunters and 30 shotgun hunters were given access to portions of 
Robert Allerton Park.  
2008/2009 Management Program 
A target was set to remove 100 deer. Archery hunting was again allowed during the entire 
archery season, and shotgun hunting only during the first shotgun season. Hunting zones were 
the same as in the previous year except that the yellow zone was no longer open for Allerton 
hunters. The yellow zone was sold to the IDNR, and thereafter was hunted by hunters selected by 
the IDNR. Opening dates were the same. Hunters were again required to register in advance and 
were selected by lottery, required to pass a proficiency test, and complete 40 hours of volunteer 
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work. A total of 55 Archery hunters and 25 shotgun hunters were given hunting rights to the 
park.  
2009/2010 Management Program 
A target was set to remove 70 deer. Archery hunting was again allowed during the entire 
archery season; however shotgun hunting was not permitted for the first time since the 
2004/2005 hunting season. All hunting zones were open the entire archery season for both 
morning and evening hunts. A total of 55 archery hunters were given hunting rights to the park.  
Survey Procedures 
 Deer surveys were conducted via visual and infrared flights during the 2007 and 2008 
hunting seasons using a 1986 Bell Helicopter Jet ranger 206-L3. Historical survey data based on 
visual helicopter counts conducted since 1981 were available. Although the consistency of the 
early aerial surveys cannot be confirmed, the assumption is that they were conducted in much the 
same fashion as the visual surveys that I conducted in 2007 and 2008.  
 The total aerial survey area consisted of 2,953 hectares surrounding Allerton Park, and 
included University of Illinois farms, private property, and IDNR property. The surveys were 
conducted between 2 bridges on the river (Bridge Street to the north/east and County Road 
1300N to the south/west) which were the start and stopping points for the flights (Figure 1).  
Visual Aerial Surveys 
A total of 7 flights were conducted, 4 in 2007/2008 and 3 in 2008/2009. Visual flights 
were conducted at a height of 70 meters and at a speed of 40 knots. The flight pattern consisted 
of North/South transects spaced 122-152 meters apart. Visual flights were conducted during 
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daylight hours over a fresh snow of more than 7.6 cm. Counting was independently conducted 
out of the left side of the helicopter by two different spotters and confirmed by a third person on 
the right side of the aircraft. This survey technique is referred to as double counting, and a 
complete description can be found in Breton & Potvin (1997). Each transect was flown twice 
allowing counters to view the entire area. Deer are recorded onto a map while in the air, and 
were subsequently entered into a Geographic Information Systems (GIS) database.  
Infrared Aerial Surveys 
 A total of 8 flights were conducted, 4 in 2007/2008 and 4 in 2008/2009. Infrared flights 
were conducted by using a Forward Looking Infrared (FLIR) camera. The Infrared camera was a 
FLIR 8500FW.   Infrared flights were conducted at a height of 244 meters and at a speed of 40 
knots. The flight pattern consisted of North/South transects spaced 212-273 meters apart. 
Infrared flights were conducted at night when the thermal differences between deer and the 
surrounding environment are most evident. During Infrared flights each transect is only flown 
once. Observers guided the camera operator to zoom on points of interest as the flight 
progressed. The footage from the camera was recorded onto a DVD. This DVD is then reviewed 
after the flight, and observed deer are counted, and subsequently entered into a GIS database.  
Vegetation Procedures 
Before deer numbers within the park had been substantially reduced through hunting, a 
study concerning spring wildflowers and garlic mustard was conducted within Robert Allerton 
Park (Brunault 2006). In the spring of 2005 Brunault (2006) established 216 locations throughout 
upland, forested areas of the park. Brunault (2006) collected vegetation data from each point. 
These data were used as the pre-hunt vegetative component of this project.  
28 
 
 In the late winter months in 2009, the same 216 plot locations used by Brunault (2006) 
were reestablished in the upland forested areas of the park. A flag marked each plot location, 
allowing for the placement of a 1 meter square sampling frame with the flag in the southwest 
corner. Each plot had to be re-established in 2009 because the original plot markers placed by 
Brunault (2006) were not apparent after 5 years.   The plots were located every 100 meters on a 
UTM grid. Spring observations were made in 2009 between April 8
th
- 20
th
.  
Plot Location and Marking 
 The plot locations were found using a Garmin etrex Summit Global Positioning System 
(GPS). Brunault (2006) recorded UTM coordinates for each of the 216 plot location. These 
coordinates were entered into the GPS units in order to find the plots. Therefore, plots were not 
marked until the GPS had an accuracy of less than ten meters. Once the location was found a flag 
was placed into the ground.  
 Due to the nature of the study conducted by Brunault (2006) floodplain points were 
excluded because the spring ephemeral species in question do not grow under floodplain 
conditions. Plots without canopy cover as well as plots in the middle of a trail were not 
established either. Because only the plots established by Brunault (2006) were reestablished, this 
research project was forced to operate under the same assumptions.  
Vegetation Sampling 
 Sampling was conducted from April 8
th
-20
th
 in the spring of 2009. For each species, an 
individual plant was defined as any plant structure connected above ground. For shrub presence 
/absence data collection a shrub was considered any woody plant above the level of herbaceous 
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vegetation. Counts were conducted for the following plants in the 1 meter square sampling 
frame: Alliaria petiolata (garlic mustard) rosettes (overwintered), Trillium spp. (prairie trillium, 
snow trillium), Claytonia virginica (spring beauty), Mertensia virginica (Virginia bluebells), 
Dicentra spp. (Dutchman’s breeches, squirrel-corn), Dentaria laciniata (cut-leaf toothwort), 
Erythronium albidum (trout lily). Presence or absences of shrubs inside the sampling frame was 
also evaluated.  
Statistical Analysis 
 Winter deer counts derived from visual aerial surveys were organized by year and 
separated into two time periods, pre-hunt (1981-2003) and post-hunt (2004-2010) (Table 1). A 
linear regression model was used to evaluate the temporal changes in deer numbers between the 
pre- and post-hunt time periods. A Poisson regression model was used to compare the proportion 
of deer present inside park boundaries between the pre- and post-hunt time periods. The pre-hunt 
period was 1988-2003, as no data on deer present inside park were collected for the years 1981-
1987. To test the hypothesis that the age structure of the deer herd was declining (i.e. becoming 
younger) after the initiation of the management program, a linear regression model was used. 
Age of the harvested deer was estimated from tooth ware, and was assigned to one of the 
following age classes: .5, 1.5, 2.5, 3.5, and 4+. For the purposes of statistical testing 4+ deer 
were considered as the 4 year old age class. A linear regression model was computed separately 
for each sex. A two sample t-test was performed to determine if a difference in mean deer count 
existed between Infrared and visual deer surveys. All statistical analyses were performed using 
SAS software (Version 9.1; Statistical Analysis System Institute Inc., Cary, NC). A test result 
with a P ≤ 0.05 was considered significant.    
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2.3 Results 
Hunt/Population 
The deer population at Robert Allerton Park decreased from a maximum winter deer 
count of 730 in 2004 to a low of 197 in 2010 (Table 1). Winter deer counts were conducted 
within the survey area which included Robert Allerton Park (600 ha), University of Illinois farms 
(1,150 ha), IDNR property (325 ha), and private property (880 ha).  Winter deer counts were 
derived only from visual surveys; infrared flights were not utilized. The winter deer count for 
2008 and 2009 were the average of all visual surveys conducted in each year. In the last two 
years the numbers were steady with a winter deer count of 206 in 2009 and 197 in 2010. 
The largest number of deer harvested was in 2005 when 299 were harvested from 
Allerton Park alone. Culling via sharp shooting contributed 25 deer to the Allerton harvest in 
2004, 100 in 2005, and 16 in 2006. The remainder of the harvest was obtained through archery 
and shotgun hunting.  Harvest in 2009 and 2010 were identical with 72 total deer being harvested 
from the park each year.  The harvest records for the park and the total area are presented in 
Table 1. The total area harvest includes all lands in the survey area; Allerton Park, University of 
Illinois farms, IDNR, and private property (Figure 2).  
To measure the impact of hunting, the deer trends were separated into two groups, 1981-
2003 and 2004-2009. Between 1981 and 2003 the deer herd increased from a low of 82 in 1981 
to a high of 571 in 2003. Between 2004 and 2009 the deer population size decreased from a high 
of 730 in 2004 to a low in 2009 of only 197 deer. The results of the linear regression indicated 
that the trends in deer density from 1981-2003 and from 2004-2010 were different (P<0.001) 
(Figure 3).  A negative regression coefficient was found for the post-hunt period of 2004-2010, 
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meaning that the population size of deer was decreasing with the intervention of hunting. In 
contrast, deer population size was increasing during the pre-hunt period of1981-2003.  
 Data were available for the number of deer counted within park boundaries from 1988-
2010. The proportion of the total area deer population located inside park boundaries varied from 
0.8 to 0.2 during this period. The Poisson regression indicated that the trends in the proportion of 
deer present inside the park were different between 1988-2003 and 2004-2010 (P=0.026).The 
results showed that the proportion of deer present inside the park decreased more after the 
intervention of hunting, and the trend was significant (Figure 4).  
 Age and sex were recorded for each deer harvested from Allerton Park. A total of 482 
females and 198 males were included in the analysis of age distribution from 2004 to 2009. The 
results indicated a decreasing trend in age in females (P=0.004). Both male and female age 
trends are displayed in Figure 5 below.  
 Costs were recorded for sharp shooting and hunting. Hunting included both shotgun and 
archery hunting. Sharp shooting cost $148/deer, while hunting only cost $57/deer. The primary 
costs to the park were supplies, disease testing, staff salaries, intern salaries, deer processing, 
money paid to sharp shooter, etc. 
The hunter volunteer program was initiated in 2006 and has been used thereafter. Hunters 
volunteered an average of 2,065 hours each year. Hunters have volunteered a total of 9,059 hours 
of service to the park since 2006.   Between 2006-2009 the estimated value of the volunteer labor 
was $163,424.  
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Infrared vs. Visual Surveys 
  A total of 15 flights were conducted in 2007 and 2008. The average number of deer 
counted for all surveys combined was 188 deer. Counts varied from as many as 382 deer to as 
few as 115 deer counted in the survey area.  In 2007, four visual and four infrared flights were 
conducted, while only three visual and four infrared flights were conducted in 2008. Fewer 
flights were conducted in 2008 due to a lack of significant snow events.  On December 17
th
 2009 
an infrared flight was initiated, but the conditions were such that an official count was not made. 
Infrared flights conducted on April 30
th
 2008 and March 16
th
 2009 resulted in poor camera 
function due to weather conditions, both counts resulted in relatively few deer being observed. 
The results of all flights conducted are presented in Table 3. An image of an infrared flight is 
presented in Figure 7. 
The two infrared flights with poor camera functions, April 30
th
 2008 and March 16
th
 
2009,  were excluded from the t-test analysis because of the poor camera function and also 
because no visual flights were conducted during the similar time period due to lack of snow 
cover. Therefore, for the t-test five infrared flights were used while seven visual flights were 
used.  The t-test indicated that average number of deer counted by infrared surveys (mean = 206; 
SE = 29.1) and visual surveys (mean = 268; SE = 24.4) over snow cover were not significantly 
different (P =0.135) (Figure 8). 
Spring Ephemeral Sampling 
 Sampling was conducted at each of the 216 points in the upland forest in 2005 and 2009. 
Of the seven spring wildflowers sampled for, three increased (garlic mustard, Trillium spp., and 
bluebells) over the time period. The other four species (Dicentra spp., trout lily, toothwort, and 
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spring beauty) all decreased.  The trends between the two years are illustrated in figure 6. Garlic 
mustard was the only non-native plant that was sampled for, and 52 garlic mustard plants were 
counted in 2005, but 96 were counted in 2009. Spring beauty was the most abundant plant 
counted with 11,103 being counted in 2005 and only 4,486 being counted in 2009. Trillium spp. 
and bluebells nearly doubled in abundance between 2005 and 2007. The results are summarized 
in the Table 2. Presence or absence of shrubs was recorded for each plot. Fewer shrubs were 
present in 2005 than in 2009, 150 vs. 120. 
Corroborating Evidence 
Geospatially rendered crop yield reports were obtained from farmers for the years of 
2005 and 2007, and only fields producing corn were compared. Reports were obtained from 
farmers whose fields were adjacent to  Robert Allerton Park. The corn yield reports from all 
farmers indicated the same trend, high depredation in the year’s of high deer abundances (2005) 
and lower depredation after herd reduction (2007) (Figure 10).  The same trend was noticed in 
each yield report. Margins of fields that were adjacent to the park’s woodlands produced much 
lower yields, presumably because of deer depredation. Depredation was documented in these 
fields on many occasions.  
 Deer -vehicle collision data was collected from 1990- 2008 based on accident reports 
obtained from the Piatt County sheriff’s office. Deer-vehicle accidents were recorded if they 
occurred within the survey area. Reports were not available for the years prior to 1990. The data 
available generally reflected the trends in annual deer densities (Figure 11). Years with higher 
deer populations also resulted in more deer-vehicle accidents.  At the peak, 20 accidents were 
recorded in the area; since 2006 accidents have remained in the single digits.   
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2.4 Discussion 
Deer are and will continue to be the most important game animal in the Midwestern 
agricultural region, as well as in the rest of the United States. White-tails are the biggest and 
most abundant game animal in many areas and therefore are also the favorite game animal for 
many hunters. They eat our crops and ornamental plantings, causing headaches and economic 
woes. When deer and people live in close proximity deer-vehicle collisions occur all too often. 
Possibly most importantly, deer are living beyond their means in many cases due to the high 
densities they are able to attain. The natural areas that deer rely on for cover and food are being 
degraded due to these densities. It is important to understand how to best manage deer 
populations in all regions of the white-tails range. The deer population at Robert Allerton Park  
provides an example of a deer herd dependent upon a refuge, and heavily relying on agricultural 
crops for sustenance. This population is different than the herds to the north, south, east, and 
west. Therefore, a close examination of the dynamics of this deer herd is warranted, as only a 
small portion of the literature is dedicated to such herds.  
 Several objectives were established for this study.  The first was to implement a deer 
management hunting program to reduce the local deer population that is socially and 
ecologically appropriate for Allerton Park and the broader regional setting.  Another objective 
was to evaluate the impact of the hunting program on deer in the Allerton setting, including 
trends in deer densities. A third objective was to explore the use of infrared helicopter counts and 
compare infrared aerial counts with visual aerial counts of deer on snow.  A final objective was 
to assess the impact of the deer reduction to date on forest flora, emphasizing spring wildflowers.  
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Hunt/Population 
 The deer population at Allerton Park has changed dramatically in the past 30 years, 
increasing from 81 deer in 1981 to 730 in 2004, and declining to 197 by 2010. The 6-year 
hunting program clearly reduced the local deer population. Four hunting seasons were required 
to reduce the population to approximately 200 deer within the survey area (6.8 deer per km
2
). 
During the last 2 hunting seasons the deer population was maintained at this density (206 in 2009 
and 197 in 2010). The reduction and maintenance of the herd was achieved primarily through 
archery harvest, although both culling and shotgun hunting were utilized as well. 
There is corroborating evidence of the deer reduction. Deer vehicle accidents have been 
reduced substantially. Yield reports show a decrease in the amount of depredation occurring on 
agricultural fields. Some wildflower species are showing signs of recovery.  
The average age of harvested females declined over the years. While there was no clear 
trend for males, the male sample size was low, and only younger deer were aged. Older 
males/trophy deer were not aged because aging requires the cutting of the cheek. Hunters also 
have a preference for harvesting more mature males. The female data do not reflect these biases.  
For the analysis we used tooth wear techniques comprising of four groups, .5, 1.5, 2.5, 3.5, 4+. If 
I had cementum data for all years the declining trend in age would have been even more evident. 
This is because very old deer (10, 11, 17, etc.) are simply aged as 4+ years with tooth wear 
techniques. The younger female age structure represents the impact of hunting on the population.   
Not only have deer been removed, but the proportion of deer utilizing the park has also 
been reduced as a result of management activities. The presence of hunters may have caused 
some deer to avoid the site during this season. The question remains if hunting has the residual 
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effect of causing deer to minimize use of the park during the spring and summer when browsing 
of native vegetation is of greatest concern. The spring and summer period is not conducive to 
visual surveys. Ideally, a future study could radio tag deer to find out what they are doing in the 
spring in summer months.  
Tentatively, the recently achieved density of 6.8 deer per km
2 
(17.2 deer per mi
2
) may be 
an appropriate deer density due to signs of reduced impacts on the natural areas and the 
infeasibility of reducing the herd further. The original goal of the management program was to 
obtain a density under 7.7 deer per square kilometer (20 deer/mi
2
), which was achieved. 
Augustine and Jordan (1998) suggested deer densities of less than 7.7 deer/ km
2
 for fragmented 
forests in south central Minnesota. Many other studies also recommend a density of 7.7 deer per 
square kilometer, however many of these studies are conducted in the contiguous forests of the 
east. Anderson (1993) found that a deer density of 4-6 deer /km
2 
was appropriate for forested 
sites in Lake County, Illinois. Taking into consideration the location of Robert Allerton Park, and 
the constraints of reducing the deer herd further, the viability of the 7.7 deer per square mile 
threshold should be further evaluated in the future.  
Many of the rules and regulations of the hunt--such as no screw-in steps, shooting lanes, 
littering, etc.--were designed to have a minimal impact on the natural areas of the park; I did not 
receive any complaints from hunters about these rules and compliance was nearly 100%. Since 
the goal of a herd reduction program is in part to benefit flora, it is also important that the 
hunting efforts minimize disturbances to vegetation.  
Although Robert Allerton Park is not considered a suburban park, in many ways the 
Allerton Hunting program is relevant to urban deer management issues. In many urban areas 
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deer are shot by sharp shooters year after year, a practice that is expensive, unsustainable, and 
unpopular (DeNicola 1997, Peck and Stahl 1997).  At Allerton the cost of sharp shooting was 
$148/deer, while the cost of hunting was only $57/deer. This is comparable to a study conducted 
in Ohio where sharp shooting cost $207/deer and hunting cost $45/deer. Archery hunting has 
been shown to be a safe alternative to sharp shooting, while providing many additional benefits 
such as recreation for hunters. A volunteer program such as the one adopted by Robert Allerton 
Park would also help curtail anti-hunting sentiment, and increase the overall benefits of the 
hunting program. Underfunded park districts would also benefit from the added volunteer labor 
provided by hunter volunteers. Most importantly, archery hunting can be a more self sustaining 
venture than sharp shooting, and be just as safe.  
I deemed archery hunting the most socially appropriate choice due to the methods cost 
effectiveness, safety, and recreational value provided to hunters. Archery hunting has been 
shown to be safe, especially when a hunter selection process screening potential hunters, 
combined with a shooting proficiency test is part of the management program (Ver Steeg et al 
1995, Kilpatrick and Walter 1999). Moving forward, the deer population at Allerton may be 
maintained at current densities by the use of archery and shotgun hunting only. Many other 
studies have demonstrated that controlled hunts can indeed control deer populations. (Krefting 
and Erickson 1956, Roseberry et al. 1966, Hansen and Beringer 1997, Peck and Stahl 1997, 
Kilpatrick and Walter 1999, Kilpatrick et al. 2002, McDonald et al. 2007).  
The deer management program received support from the public. Many past programs 
have encountered resistance by protestors (Kilpatrick and Walter 1999); Allerton Park was no 
different. However, protestors were present only during the first hunting season and did not 
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impact the deer management program. The recreational value provided to hunters seemed 
positively received in the community. Many visitors also expressed appreciation for the active 
management of the deer herd to benefit the natural areas of the park.  The public seems to 
especially appreciate the volunteer program requiring hunters to assist in the maintenance of the 
park.  
Requiring hunters to volunteer was one key aspect of achieving an ecologically sensitive 
and socially acceptable hunting program. Hunters provided a service to the park by volunteering 
their time to work on all kinds of projects:  planting in the gardens and natural areas, collecting 
seed for prairie restorations, weeding, painting buildings, cleaning, providing security at 
concerts, doing invasive species management, helping with research activities, and many other 
projects. Hunter volunteers gained a sense of ownership in the park, and therefore a greater 
appreciation and respect for the natural areas and the deer management program. Frank Archey, 
an Allerton hunter and university employee puts it this way: “Volunteering has connected me to 
the park at a different level. I help with the natural areas management techniques that make this 
place so great to hunt. It has given me a much greater appreciation for what goes into managing a 
natural area.” This unique program connects the park to the hunters as well as the hunters to the 
park. For a sense of the value hunter volunteers provide at Allerton, consider that over this past 
summer they logged 2,680 service hours, worth an estimated $48,500.  Hunters also contribute to 
a sense of site security during the hunting season. They often call from their tree stand when they 
see something out of place, and the offenders usually never know how they were identified. 
Further, without the Allerton program many hunters would lease hunting property, which can be 
very expensive. 
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Infrared surveys vs. Visual surveys 
At a minimum, the infrared surveys supplemented and extended the information from the 
visual surveys. The results indicated that infrared surveys and visual surveys were not 
significantly different, although infrared surveys tended to provided lower deer counts.  The fact 
that infrared counts are slightly lower can be attributed to a couple of factors. First, some of the 
infrared flights were conducted in the early spring when deer herds are more spread out spatially, 
and visual flights are not conducted due to lack of snow cover. Second, some infrared flights 
were not conducted under ideal conditions, which decreased the detection rate of deer due to 
poor camera function. On March 16
th
 2009 the temperature reached 70 degrees, but was only 45 
degrees at the time of the survey. This made the survey difficult due to trees and the ground 
retaining much of the heat from the day, which made distinguishing deer an issue. The issue on 
this flight was the inability of the camera to differentiate between a bedded deer and an old deer 
bed as both appeared white hot. On April 30
th
 2008 trees had already begun to leaf out, blurring 
the image because plants also emit infrared heat, a limitation found in other projects as well 
(Croon et al. 1968, Haroldson et al. 2003). Even with this limitation infrared surveys can be 
conducted much later in the spring than visual surveys.  The exact conditions that are needed for 
accurate infrared surveys are not entirely known and should be investigated further in the future. 
We concur with Haroldsen et al. (2003) that helicopter should be used over fixed wing planes 
because helicopters allow for slower speeds.  
One key benefit of infrared surveys is they are faster because each transect is only flown 
once. This means less flight time and therefore substantially cheaper (half price) than visual 
flights. That is if you do not have to pay for analysis of data, which we have also demonstrated is 
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not necessary. Private contractors charge an astronomical rate to “analyze” the data collected 
from infrared surveys. However, it is not clear what this analysis entails. All it takes is a 
computer or TV and a few hours to watch the DVD and count bright white deer, not rocket 
science.  This technology will only become main stream if it either improves its detection rates, 
or saves the consumer a lot of money. It also has to be available for use.  
Spring Wildflower Status 
With a dramatic decrease in the deer herd, I expected to find a dramatic recovery of 
spring wildflowers. A few species such as Trillium spp. did show signs of recovery. This is 
consistent with what Anderson 1993 found in Lake County, Illinois, where some recovery (more 
flowering plants and increased stem height) of Trillium grandiflorum was documented after 3 
years of a herd reduction program. The recovery of Trillium spp. at Allerton Park can be 
attributed to more flowering plants/un-browsed plants being counted after the deer herd was 
reduced in 2009. In 2005, it is likely that many trillium plants were not counted because they 
were not flowering and may have been browsed to the ground.  It will likely take Trillium spp. 
and other spring wildflowers a substantial amount of time to re-colonize sites where they have 
been extirpated. The other issue at hand is that we do not know exactly what damage the deer 
may have or may not have caused because we do not have historical spring wildflowers data for 
the site. Spring beauty, toothwort, and trout lily all decreased in abundance according to my 
results. I attribute this to observer bias associated with limited sampling and environmental 
conditions, but do not believe that this declining trend is actually happening. Garlic mustard 
populations nearly doubled according to my results and are cause for alarm as this invasive plant 
poses a threat to spring wildflowers that equals that of overabundant deer. With so few natural 
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areas remaining, management of those with spring wildflower species is extremely important. 
There is also a need to better understand the interactive effects of white-tailed deer and garlic 
mustard as well as other invasive plants on spring wildflowers, so that management techniques 
can be refined.  If deer degrade sites to the point that garlic mustard is able to become established 
the recovery of spring wildflowers is bound to be affected. Managers of sites that now have deer 
in check will need to focus efforts on reducing the influence of garlic mustard on spring 
wildflowers.  
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2.5  Tables and Figures 
Table 1- Winter deer count is the visual aerial survey conducted in that year. Total area harvest 
from 1980-2009 incorporating Allerton Park, IDNR, University of Illinois farms, and private 
property. No hunting was allowed in Allerton Park prior to 2004. In 2008 and 2009 the winter 
deer count was the average of all visual aerial surveys conducted in that year.  
 
Year   
Winter  
Deer  
Count   
Total Area Harvest     
Total       Male      Female   
Allerton Park Harvest             
Total         Male      F emale   
1980      22   19   3   0         
1981   82   17   14   3   0         
1982   124   25   21   4   0         
1983   135   34   29   5   0         
1984   146   50   42   8   0         
1985   171   60   51   9   0         
1986   180   31   26   5   0         
1987      35   30   5   0         
1988   119   36   31   5   0         
1989   188   37   31   6   0         
1990      36   31   5   0         
1991      41   35   6   0         
1992   154   42   36   6   0         
1993   176   45   38   7   0         
1994   235   50   42   8   0         
1995   240   52   44   8   0         
1996   238   54   46   8   0         
1997   226   47   40   7   0         
1998   247   47   40   7   0         
1999   371   42   36   6   0         
2000   372   42   36   6   0         
2001   264   24   20   4   0         
2002   320   45   39   6   0         
2003   571   50   43   7   0         
2004   730   150   71   79   94   25   69   
2005   661   377   140   237   299   98   201   
2006   290   222   96   126   137   43   94   
2007   388   174   71   103   104   34   70   
2008   305   128   63   65   72   30   42   
2009   206   132   55   77   72   21   51   
2010   197   0   0   0   0   0   0   
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Table 2- Number of individual plants counted in 2005 and 2009 in upland areas of Allerton Park.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Spring 2005                        
Species   garlic mustard   Trillium spp.   spring beauty   bluebells   Dicentra spp.    toothwort   trout lily   
Stem Count   52   134   11103   92   1387   714   2447   
                        
Spring 2009                        
Species   garlic mustard   Trillium spp.   spring beauty   bluebells   Dicentra spp.    toothwort   trout lily   
Stem Count   96   265   4486   169   696   440   2212   
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Table 3- Deer population estimates from visual and infrared counts conducted from 12/13/2007- 
4/6/2009. *= Camera function was poor due to bad weather conditions.  
 
 
 
 
Date   Method   Deer Observed   
12/13/2007   FLIR   270   
12/17/2007   Visual   287   
12/17/2007   FLIR   N/A*   
1/25/2008   Visual   240   
2/1/2008   Visual   382   
3/5/2008   Visual   311   
3/10/2008   FLIR   271   
4/30/2008   FLIR   167*   
12/17/2008   Visual   187   
1/7/2009   FLIR   206   
1/20/2009   Visual   225   
1/28/2009   Visual   244   
2/23/2009   FLIR   159   
3/16/2009   FLIR   115*   
4/6/2009   FLIR   126   
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Figure 1- Study area including the 600 ha Allerton Park and the immediate surroundings. The 
two bridges marked the start and stopping point for aerial surveys. 
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Figure 2 – Allerton Park , showing the hunting zones used to distribute hunters throughout the 
park. 
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Figure 3 – Allerton Park hunters completing their volunteer hours. 
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Figure 4- Winter deer count from 1981-2010 utilizing only visual aerial surveys. Total area 
harvest from 1980-2009 incorporating Allerton Park, IDNR, University of Illinois Farms, and 
private property. The Allerton Park hunting program began in 2004. *= for 2008 and 2009 the 
winter deer count was the average of all visual aerial surveys conducted in that year.  
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Figure 5- Proportion of deer present inside park boundaries by year. Proportion= deer inside 
park/ total deer counted in survey area.  
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Figure 6- Mean (±SE) age of deer harvested from Allerton Park between 2004 and 2009. Data 
were separated into male and female. Age was obtained via tooth ware of harvested deer. 
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Figure 7- Number of individual plants counted in 2005 and 2009 in the upland areas of Allerton 
Park. Graph excludes spring beauty count.  
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Figure 8- Image from a Infrared flight conducted on April 3
rd
 2007 at Allerton Park.  
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Figure 9- Mean deer count and standard errors for both INFRARED and visual surveys 
conducted in the Allerton Park survey area. Flights were conducted over a two year period 
(2008, 2009).  
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Figure 10- Images of yield reports from one farm immediately adjacent to Allerton Park. The 
park is directly north of these fields. The same field is depicted in both images and corn is the 
crop, left (2005) and right (2007). Lighter colors, for example yellow, indicate lower yields.  
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Figure 11- Number of deer vehicle collisions reported within the survey area between 1990-
2008. Accident where recorded that occurred within the survey area.  
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Summary 
Overabundant white-tailed deer herds have negative impacts on forest systems such as 
impeding forest regeneration, and extirpating spring wildflowers. Direct conflicts with humans 
also arise in the form of deer vehicle collisions and agricultural depredation. Thus, reducing deer 
herds to sustainable levels has become a priority for resource managers. In this study I present 
the results of a white-tailed deer (Odocoileus virginianus) management program initiated in 2004 
to reduce deer densities at Robert Allerton Park located in Monticello, IL. The project entails 
monitoring deer densities by both visual and infrared helicopter surveys.  In the spring of 2009, 
evaluation of the status of spring wildlfower plants was considered for 207 selected upland sites 
in the park, replicating plant surveys conducted before management of the deer herd had begun. 
The 600 hectare park had been closed to hunting until 2004 when a total of 730 deer were 
counted on the entire survey area (2,953 ha). This deer management program (2004-2010) 
utilized archery and shotgun hunting combined with an initial 2 years of culling via sharp 
shooting. Hunters were required to volunteer 40 hours of service to the park, pass a target-
proficiency test, comply with an earn-a-buck program, and follow all state hunting regulations. 
To monitor changes in deer densities a total of 15 flights were conducted over a two year period 
(2007-2009), including 7 visual flights over snow cover and 8 Infrared flights. The hunting 
program has reduced deer densities, with the most recent survey of 197 deer in the survey area. 
The population is currently being maintained at low levels with only archery hunting. The 
helicopter survey results indicate that deer densities indicated by Infrared surveys and visual 
surveys over snow cover were similar (not significantly different). The Infrared surveys extended 
the ability to count deer in the absence of snow cover. As would be expected, there is no clear 
indication of a recovery of spring wildflowers, given that deer numbers have only recently been 
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reduced. The well documented Allerton deer management effort builds on a wealth of deer 
research and monitoring of the population in the region over many decades. Hence, the study 
provides information that will be very useful in framing deer management programs elsewhere in 
the Midwest.  
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Appendix A: Survey Data and Maps 
 
2007/2008 Aerial Survey Data 
December 13
th
 2007 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer 
Management Area – 17:33 – 19:33 CST 
 Pilot – Steve Young, Crew – Rob Thorpe, Drew Becker and Nate Beccue 
 Conditions: 25o F - Clear Sky  
 Snow Cover - None 
 Sangamon River at Monticello @ 17:30 CST = ~9ft gauge height 
River was bank full as were all feeder creeks and sloughs, but there was little to 
no standing water in the floodplains. 
 Flight was conducted at a height of 800ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker and Nate Beccue – 270 deer were observed. 
 
December 17
th
, 2007 – Visual Deer Survey of Allerton Park Deer Management Area – 13:10 – 
17:00 CST 
 Pilot – Steve Young, Crew – Drew Becker, Nate Beccue, and Curt Sinclair 
 Conditions 24o F – Clear Sky 
 Snow Cover – 4-6 inches 
 Sangamon River at Monticello @ 13:15 CST = ~11.5ft gauge height 
River was clearly out of its banks areas including the Yellow Zone, Tranquilli’s, 
Lemmon’s, Polings were all flooded with 1-3ft of water.  The large floodplains of 
Allerton Park were about 50% flooded. 
 Flight was conducted at a height of 200ft and at variable speeds  
The flight pattern consisted of north south transects spaced 400-500 feet apart.  Each 
transect is flown twice so that the all counting is conducted from one side of the 
helicopter. 
287 deer were observed; estimate 25 turkey and 6-8 coyote 
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December 17
th
, 2007 - Forward Looking Infrared (FLIR) Survey of Allerton Park Deer 
Management Area – 18:00 – 19:33 CST 
 Pilot – Steve Young, Crew – Rob Thorpe, Drew Becker and Nate Beccue 
 Conditions: 22o F – Clear turning Hazy 
 Snow Cover – 4-6 inches 
 Sangamon River at Monticello @ 13:15 CST = ~11.5ft gauge height 
River was clearly out of its banks areas including the Yellow Zone, Tranquilli’s, 
Lemmon’s, Polings were all flooded with 1-3ft of water.  The large floodplains of 
Allerton Park were about 50% flooded. 
 Flight was conducted at a height of 800ft. 
*Snow cover caused the FLIR image to show snow covered ground as black (cold), trees 
as a bright mid tone, and deer and deer beds as bright white (hot).  It was very difficult to 
determine the difference between deer and deer beds (fresh or old).  After 1 hour of the 
survey and many contrast, speed and angle adjustments we cut the survey short.  It 
appears that FLIR is not a very valuable tool for counting deer when there is a heavy 
snow cover. 
 No official count was made. 
 
January 25
th
,  2008  – Visual Deer Survey of Allerton Park Deer Management Area – 07:15 – 
11:45 CST 
 Pilot – Steve Young, Crew – Drew Becker, Nate Beccue, and Jim Gortner 
 Conditions 4o F – Clear Sky 
 Snow Cover – less than 1 inch 
 Sangamon River at Monticello @ 07:15 CST = 8ft gauge height 
River was within it banks and partially frozen.  River bottoms had sheets of ice 
remaining from highwater.   
 Flight was conducted at a height of 200ft and at variable speeds  
The flight pattern consisted of north south transects spaced 400-500 feet apart.  Each 
transect is flown twice so that the all counting is conducted from one side of the 
helicopter. 
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240 deer were observed; estimate 30 turkey in two groups, 6-8 coyotes and ~1,000 geese 
along river bend east of the yellow zone. 
 
February 1
st
, 2008 – Visual Survey of Allerton Park Deer Management Area – 11:30 – 16:00 
CST 
 Pilot – Steve Young, Crew – Drew Becker, Nate Beccue, and Jim Gortner 
 Conditions 20o F – Partly Cloudy Sky 
 Snow Cover – 8-10” Fresh Snow 
 Sangamon River at Monticello @ 11:30 CST = 7ft gauge height 
River was within it banks and partially frozen.  River bottoms had some sheets of 
ice remaining from high water.   
 Flight was conducted at a height of 200ft and at variable speeds  
The flight pattern consisted of north south transects spaced 400-500 feet apart.  Each 
transect is flown twice so that the all counting is conducted from one side of the 
helicopter. 
382 deer were observed; estimate 40 turkeys in three groups, 6-8 coyotes and ~500 geese 
along river bend east of the yellow zone. 
*Conditions for this flight were perfect, heavy snow ended less than 2 hours before flight, 
deer were easily observed from the helicopter.  An increase of 142 deer was observed 
from 7 days earlier.  The earlier flight was conducted over very poor snow conditions 
likely resulting in the over look of some deer.  Also a layer of ice followed by heavy 
snow probably forced large numbers of deer from their summer ranges into Allerton 
Park. 
 
March 5, 2008 – Visual Survey of Allerton Park Deer Management Area - 07:30 – 11:30 CST 
 Pilot – Steve Young, Crew – Drew Becker, Nate Beccue, and Derek Peterson 
 Conditions 20o F – Clear Sky 
 Snow Cover – 3-4” Fresh Snow 
 Sangamon River at Monticello @ 11:30 CST = 12ft gauge height 
River was clearly out of its banks.  River bottoms had sheets of ice and 2-3’ of 
water.   
 Flight was conducted at a height of 200ft and at variable speeds  
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The flight pattern consisted of north south transects spaced 400-500 feet apart.  Each 
transect is flown twice so that the all counting is conducted from one side of the 
helicopter. 
311 deer were observed; estimate 25 turkeys in two groups, 8-10 coyotes and 100-200 
geese along river bend east of the yellow zone.  Also the great blue herons are beginning 
to return with roughly 25% of the nests occupied. 
*Conditions for this flight were nearly perfect, fresh snow ended less than 12 hours 
before flight, deer were easily observed from the helicopter.  
 
 
March 10
th
, 2008 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer Management 
Area – 19:00 – 21:00 CST 
 Pilot – Steve Young, Crew – Rob Thorpe, Drew Becker and Nate Beccue 
 Conditions: 25o F - Clear Sky  
 Snow Cover - Trace 
 Sangamon River at Monticello @ 17:30 CST = ~9ft gauge height 
River was bank full as were all feeder creeks and sloughs, there is still a lot of ice 
in the river bottoms. 
 Flight was conducted at a height of 500-600ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker and Nate Beccue – 271 deer were observed.  95% of the deer were observed 
feeding in the fields.  As the sun went down we observed ~15-20 snow geese flying 
southwest above the Cisco-Cerro Gordo blacktop. 
 
April 30
th
, 2008- Forward Looking Infrared (FLIR) Survey of Allerton Park Deer Management 
Area-  
 Pilot- Steve Young, Crew-Rob Thorpe, Drew Becker, Daren Kresin 
 Conditions: 45oF- clear sky 
 Snow Cover-None, the majority of trees were leafed out  
Sangamon River at Monticello @ 17:30 CST = ~ 7 ft gage height, river was  
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 in its banks 
 Flight was conducted at a height of 500-600ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker– 167 deer were observed. Leaves on the trees made the survey difficult. I do not 
think this number is accurate.  
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2008/2009 Aerial Survey Data 
December 17
th
 2008 – Visual Survey of Allerton Park Deer Management Area – 07:00 – 11:00 
CST 
 Pilot – Steve Young, Crew –Drew Becker, Curt Sinclair, and Micah Putman  
 Conditions: 10o F – partly cloudy  
 Snow Cover – 1” snow, .5” ice 
 Sangamon River at Monticello = river within its banks, gauge height= 6ft 
 Flight was conducted at a height of 200ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 400-500 feet apart. 
187 deer were observed, 15 turkeys, 15 coyotes, one group of Canada geese, conditions 
were not ideal.  
 
January 7
th
 2009 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer Management 
Area – 17:33 – 19:33 CST 
 Pilot – Steve Young, Crew – Rob Thorpe, Drew Becker and Shane Greenarch 
 Conditions: 25o F – Cloudy, slight snow  
 Snow Cover - Dusting 
 Sangamon River at Monticello @ 17:30 CST = ~10ft gauge height 
River was bank full as were all feeder creeks and sloughs; there was standing 
water in the floodplains. 
 Flight was conducted at a height of 800ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker – 206 deer were observed, FLIR camera performed well. 
 
January 20
th
 2009 – Visual Survey of Allerton Park Deer Management Area – 7:00 – 11:00 CST 
 Pilot – Steve Young, Crew –Drew Becker, Ray Wichus, and Tim Parker 
 Conditions: 20o F – Cloudy, slight snow  
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 Snow Cover – 3” snow, .5” of fresh snow 
 Sangamon River at Monticello = ~6ft gauge height 
River was within its banks, floodplain was mostly ice due to the recent high water 
 Flight was conducted at a height of 200ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 400-500 feet apart. 
225 deer were observed, a few thousand geese in the river from the old Allerton bridge to 
bridge street bridge, 1 bald eagle near the Allerton prairie, conditions were near perfect. 
 
January 28
th
 2009 – Visual Survey of Allerton Park Deer Management Area – 12:00 – 15:00 
CST 
 Pilot – Steve Young, Crew –Drew Becker, Tim Parker, and Chris Wurmnest  
 Conditions: 10o F – sunny  
 Snow Cover – 5” snow 
 Sangamon River at Monticello = river within its banks, frozen,  gauge height= 7ft 
 Flight was conducted at a height of 200ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 400-500 feet apart. 
244 deer were observed, multiple coyotes, one group of Canada geese, conditions were 
ideal.  
 
February 23
rd
 2009 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer 
Management Area – 18:02 – 20:00 CST 
 Pilot – Steve Young, Crew –Drew Becker, Rob Thorpe 
 Conditions: 20o F – clear sky 
 Snow Cover – 0” snow 
 Sangamon River at Monticello = river out of its banks  
 Flight was conducted at a height of 800ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker. 
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159 deer were observed 
 
March 16
th
 2009 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer Management 
Area – 19:15 – 20:45 CST 
Pilot – Steve Young, Crew –Drew Becker, Rob Thorpe 
 Conditions: 45o F – clear sky 
 Snow Cover – 0” snow 
 Sangamon River at Monticello = river out of its banks  
 Flight was conducted at a height of 800ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker. 
 115 deer were observed, Camera performed poorly, Temperature reached 70o F during 
the day.  
 
 
April 6
th
 2009 – Forward Looking Infrared (FLIR) Survey of Allerton Park Deer Management 
Area – 19:01 – 21:10 CST 
Pilot – Steve Young, Crew –Drew Becker, Rob Thorpe 
 Conditions: 30o F – clear sky 
 Snow Cover – 0” snow 
 Sangamon River at Monticello = river within its banks  
 Flight was conducted at a height of 800ft and at a speed of 40 knots. 
 The flight pattern consisted of north south transects spaced 700-900 feet apart. 
FLIR camera recorded the flight and crew audio the video was then analyzed by Drew 
Becker. 
 126 deer were observed, Camera performed well, high temperature of day was 40oF  
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2008/2009 Spotlight Surveys 
12/2/2008- 15 bucks, 69 does, 84 total  
 Start time= sunset, 30oF, 1” snow, clear 
 Drove 32 miles 
11/15/2008- 11bucks, 56 does, 67 total 
 Start time= sunset, clear 
 Drove 32 miles 
12/3/2008- 10 bucks, 58 does, 68 total 
 Start time= sunset, 35oF, snow/rain mix, visibility poor 
 Drove 32 miles 
11/25/2008- 9 bucks, 57 does, 6 yearlings, 63 total 
 Start time= sunset, 20oF, clear 
 Drove 32 miles 
12/12/2008- 11 bucks, 105 does, 3 yearlings, 115 total 
 Start time = sunset, 25oF, clear  
 Drove 32 miles 
12/15/2008- 5 bucks, 48 does, 53 total 
 Start time= sunset, 15oF, clear 
 Drove 32 miles 
12/17/2008- 7 bucks, 67 does, 74 total 
 Start time= sunset, 15oF, clear 
 Drove 32 miles 
2/4/2009- 4 bucks, 82 does, 86 total 
 Start time= sunset, 5oF, clear 
 Drove 32 miles 
12/22/2008- 12 bucks, 46 does, 58 total 
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 Start time= sunset 
 Drove 32 miles 
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Appendix B: Harvest Table  
Complete Deer Population Information 
Year
Winter 
Deer 
Count
1980 22 19 3 0 e 0 g 0 b 22 19 3
1981 82 17 14 3 0 e g 0 a 17 14 3
1982 124 25 21 4 0 e g 0 a 25 21 4
1983 135 34 29 5 0 e g 0 a 34 29 5
1984 146 50 42 8 0 e g 0 a 50 42 8
1985 171 60 51 9 0 e g 0 a 60 51 9
1986 180 31 26 5 0 d 6 5 1 g 0 b 25 21 4
1987 35 30 5 0 d 6 5 1 g 0 b 29 25 4
1988 119 36 31 5 0 d 6 5 1 g 0 b 30 26 4
1989 188 37 31 6 0 d 6 5 1 g 0 b 31 26 5
1990 36 31 5 0 d 6 5 1 g 0 b 30 26 4
1991 41 35 6 0 d 6 5 1 g 0 b 35 30 5
1992 154 42 36 6 0 d 6 5 1 g 0 b 36 31 5
1993 176 45 38 7 0 d 6 5 1 g 0 b 39 33 6
1994 235 50 42 8 0 d 6 5 1 g 0 b 44 37 7
1995 240 52 44 8 0 d 6 5 1 g 0 b 46 39 7
1996 238 54 46 8 0 d 6 5 1 g 0 b 48 41 7
1997 226 47 40 7 0 d 6 5 1 g 0 b 41 35 6
1998 247 47 40 7 0 f 0 g 0 b 47 40 7
1999 371 42 36 6 0 f 0 g 0 b 42 36 6
2000 372 42 36 6 0 f 0 g 0 b 42 36 6
2001 264 24 20 4 0 f 0 h 0 c 24 20 4
2002 320 45 39 6 0 f 0 i 15 13 2 c 30 26 4
2003 571 50 43 7 0 f 0 i 20 17 3 c 30 26 4
2004 730 150 71 79 m 94 25 69 f 0 i 21 16 5 c 35 30 5
2005 661 377 140 237 k 299 98 201 k 16 4 12 j 22 4 18 c 40 34 6
2006 290 222 96 126 l 137 43 94 k 15 8 7 j 23 9 14 47 36 11
2007 388 174 71 103 104 34 70 12 4 8 21 6 15 37 27 10
*2008 305 127 63 64 72 30 42 4 1 3 17 7 10 34 25 9
*2009 206 132 55 77 72 21 51 5 1 4 28 10 18 27 23 4
2010 197
a. Hunting related deaths in the Piatt County Study Area from Nixon Study - Includes firearm, archery harvest.   i.  IDNR allows deer hunting, no "doe first" regulation, and Piatt 
b. Estimated as 10% of county harvest plus 15 deer to account for what is now IDNR property County is restricted county (no doe hunting until Oct 15th (2002
c. Estimated as 10% of county harvest (Allerton harvest subtracted) -2004)
d. Estimated by Charlie Nixon that 6 or so deer harvested each year from Allerton Farms j.  "Doe first" archery hunt, either sex shotgun hunt
e. Allerton Farm harvest included in Private Property Harvest until 1986 k.  "Doe first" archery and shotgun hunt also includes 100 deer 
f. Hunting on Allerton Farms was by tenant farmer only sharpshot
g. Property was not yet owned by IDNR, hunting was allowed but is included as private property until 2000 l.  Doe first archery hunt, "doe only shotgun hunt"
h. IDNR owned but no hunting allowed m. Doe first archery hunt only includes 25 deer sharpshot
*2008 Aerial survey number is the average of all visual surveys conducted in that year
Total Area Harvest      
Total   Male   Female
Private Property Harvest       
Total      Male            Female 
IDNR Harvest               
Total   Male   Female
U of I Farms Harvest       
Total      Male     Female
Allerton Park Harvest           
Total       Male      Female
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Appendix C: Spring Wildflower Data 
Spring 2005 Vegetation Data 
Key to column headings: 
Point # = Number designated for that plot  
Easting= GPS coordinates 
Northing= GPS coordinates 
Garlic= Number of A. petiolata individuals counted in 1 sq. m  
Trillium= Number of Trillium spp. individuals counted in 1 sq. m 
Spring= Number of Claytonia virginica individuals counted in 1sq. m 
Virginia= Number of Mertensia virginica individuals counted in 1sq. m 
Breeches= Number of Dicentra spp. individuals counted in 1sq. m 
Tooth= Number of Dentaria laciniata individuals counted in 1sq. m 
Trout= Number of Erythronium albidum individuals counted in 1sq. m 
Shrubs= shrubs present (1) or no shrubs present (0) in 1sq. m plot 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
1 360598 4428697 3 0 0 0 0 0 0 1 
2 360591 4428610 0 0 0 0 0 0 0 1 
3 360498 4428903 0 0 0 0 0 0 0 1 
4 360499 4428804 0 0 0 0 0 0 0 1 
5 360501 4428695 0 0 0 0 0 0 0 1 
6 360500 4428592 0 0 0 0 0 0 0 1 
7 360505 4428399 1 0 0 0 0 0 0 0 
8 360400 4428299 0 0 0 0 0 0 0 1 
9 360399 4428397 0 0 0 0 0 0 0 1 
12 360399 4428698 0 0 0 0 0 0 0 1 
13 360401 4428801 0 0 0 0 0 0 0 1 
14 360405 4428903 0 0 0 0 0 0 0 1 
15 360402 4428998 0 0 0 0 0 0 0 1 
16 360298 4429098 0 0 193 0 0 0 0 0 
17 360299 4429002 0 0 0 0 0 0 0 1 
18 360300 4428895 0 0 0 0 0 0 0 1 
19 360301 4428797 0 0 0 0 0 0 0 1 
20 360297 4428696 1 0 0 0 0 0 0 0 
22 360199 4428598 0 0 0 0 0 0 0 1 
23 360197 4428695 0 0 0 0 0 0 0 1 
24 360205 4428800 0 0 0 0 0 0 0 1 
25 360197 4428901 1 0 0 0 0 0 0 1 
26 360196 4429004 0 0 0 0 0 0 0 1 
27 360205 4429098 0 0 393 0 0 0 0 0 
28 360104 4429105 1 0 55 0 0 0 0 0 
30 360099 4428900 0 0 117 0 0 0 0 1 
31 360096 4428802 0 0 97 0 0 0 0 0 
32 360099 4428700 1 0 0 0 0 0 0 1 
33 360100 4428600 0 0 0 0 0 0 0 0 
34 359999 4428697 0 0 0 0 0 0 0 0 
35 359996 4428802 0 0 0 0 0 0 0 1 
36 360001 4428907 0 0 63 0 0 0 0 1 
37 360002 4428997 1 0 20 0 0 0 0 1 
38 360004 4429100 1 0 7 0 41 5 3 1 
39 359897 4429005 0 0 15 0 0 0 0 0 
40 359899 4428900 4 0 252 0 0 0 0 1 
41 359899 4428801 0 0 125 0 0 0 0 1 
42 359902 4428700 0 0 0 0 0 0 0 1 
43 359896 4428602 0 0 0 0 0 0 0 1 
44 359900 4428500 0 0 0 0 0 0 0 1 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
46 359898 4428297 0 0 0 0 0 0 0 1 
47 359899 4428201 0 0 0 0 0 0 0 1 
48 360001 4428203 0 0 0 0 0 0 0 0 
49 360201 4428200 0 0 0 0 0 0 0 1 
50 359798 4427997 0 0 0 0 0 0 0 1 
51 359800 4428098 0 0 0 0 0 0 0 0 
52 359803 4428202 0 0 0 0 0 0 0 1 
53 359800 4428300 0 0 0 0 0 0 0 0 
54 359800 4428401 0 0 0 0 0 0 0 1 
55 359801 4428495 0 0 0 0 0 0 0 1 
56 359806 4428598 1 0 0 0 0 0 0 1 
57 359802 4428702 0 0 0 0 0 0 0 1 
58 359794 4428801 0 0 4 0 0 0 0 1 
59 359801 4428900 1 0 165 0 0 0 0 1 
60 359798 4428999 0 0 305 0 0 0 0 0 
61 359695 4428901 0 0 26 0 0 0 0 1 
62 359698 4428797 0 0 25 0 0 0 0 1 
63 359696 4428698 1 0 0 0 0 0 0 1 
64 359701 4428604 1 0 0 0 0 0 0 1 
65 359697 4428500 0 0 0 0 0 0 0 1 
66 359699 4428398 1 0 0 0 0 0 0 1 
67 359706 4428299 0 0 0 0 0 0 0 0 
68 359699 4428198 0 0 0 0 0 0 0 1 
69 359701 4428104 0 0 0 0 0 0 0 1 
70 359701 4427994 0 0 0 0 0 0 0 1 
71 359598 4427898 1 0 2 0 0 0 0 1 
72 359602 4428001 0 0 15 0 0 0 0 1 
73 359602 4428101 0 0 0 0 0 0 0 1 
74 359600 4428204 0 0 11 0 0 0 0 1 
75 359600 4428297 0 0 0 0 0 0 0 1 
76 359600 4428399 0 0 0 0 0 0 0 1 
77 359600 4428501 1 0 1 0 0 0 0 1 
78 359601 4428605 0 0 0 0 0 0 0 1 
79 359601 4428699 0 0 41 0 0 0 0 1 
80 359596 4428801 0 0 0 0 0 0 0 1 
81 359503 4428700 0 0 0 0 0 0 0 1 
82 359499 4428602 0 0 86 0 0 0 0 1 
83 359500 4428502 0 0 0 0 0 0 0 1 
84 359500 4428399 0 0 55 0 0 0 0 1 
85 359499 4428301 0 0 7 0 0 0 0 1 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
86 359503 4428200 0 0 401 0 0 0 0 1 
87 359503 4428103 0 0 159 0 0 0 9 0 
88 359500 4427999 0 0 114 0 0 0 0 1 
89 359500 4427897 0 0 168 0 0 0 0 1 
90 359397 4427803 0 0 21 0 0 0 0 1 
91 359403 4427898 0 0 30 0 0 0 0 1 
92 359396 4428001 0 0 7 0 0 0 0 1 
93 359395 4428099 0 0 5 0 2 0 45 0 
94 359399 4428200 0 1 108 0 0 0 3 1 
95 359403 4428301 0 0 95 0 0 0 0 1 
96 359401 4428501 0 0 236 0 0 0 0 1 
97 359401 4428607 0 0 93 0 0 0 0 0 
98 359402 4428699 0 0 48 0 0 0 0 1 
99 359296 4428598 0 0 472 0 0 0 0 0 
100 359299 4428496 0 10 23 0 0 0 0 0 
101 359302 4428401 0 0 75 0 22 9 16 1 
102 359301 4428300 0 0 182 0 0 0 67 1 
103 359306 4428201 0 0 61 0 0 0 33 1 
104 359299 4428100 1 3 37 0 0 0 0 1 
105 359304 4427999 0 1 9 0 0 0 13 1 
107 359297 4427805 0 10 21 0 0 0 12 1 
108 359297 4427699 0 2 25 0 0 0 0 0 
109 359200 4427601 1 0 4 0 0 0 0 1 
110 359200 4427702 0 4 5 0 0 0 34 1 
111 359199 4427803 0 0 7 0 0 0 0 1 
112 359200 4427895 3 0 26 0 0 0 22 1 
113 359200 4427999 0 0 8 0 0 0 74 1 
114 359197 4428099 0 0 32 0 0 0 95 0 
115 359199 4428205 0 0 7 0 0 0 8 1 
116 359197 4428301 0 0 161 0 32 0 32 1 
117 359201 4428401 1 0 121 0 3 0 9 1 
118 359102 4428398 0 0 61 0 2 1 0 0 
119 359095 4428301 0 0 138 0 0 0 48 0 
120 359098 4428205 0 0 19 0 112 2 24 0 
121 359098 4428097 0 0 60 0 6 0 19 1 
122 359099 4428004 0 0 99 0 20 0 98 1 
123 359100 4427895 0 4 36 0 0 0 10 1 
124 359099 4427801 0 7 8 0 2 2 37 1 
125 359098 4427697 0 1 72 0 0 0 72 1 
126 359100 4427497 0 1 5 0 0 0 0 1 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
127 359096 4427401 0 0 142 0 10 0 0 1 
128 359002 4427300 2 0 72 0 0 0 0 1 
129 359002 4427401 1 0 172 0 0 0 0 1 
130 359002 4427505 0 0 98 0 0 0 0 1 
131 359002 4427604 0 0 63 0 0 0 0 1 
132 358997 4427698 0 2 162 0 64 0 84 1 
133 359001 4427798 0 2 133 0 0 0 39 1 
134 359001 4427906 0 0 16 0 9 0 96 1 
135 359001 4428000 0 0 22 0 31 2 44 1 
136 358999 4428101 0 0 24 0 73 0 88 1 
137 358999 4428202 0 0 58 0 138 12 83 0 
138 358999 4428303 0 0 32 0 0 0 0 0 
140 358903 4428002 0 0 53 0 79 41 0 1 
141 358898 4427908 0 0 49 0 1 2 153 1 
142 358898 4427799 0 0 88 0 96 0 123 1 
143 358899 4427702 0 0 94 0 47 0 92 1 
144 358897 4427604 0 0 31 0 0 0 0 1 
145 358897 4427502 0 0 90 0 0 1 0 0 
146 358901 4427404 0 0 0 0 0 0 0 1 
147 358801 4427404 0 0 0 0 0 0 0 1 
148 358798 4427503 0 0 5 0 0 0 0 1 
149 358803 4427599 0 2 102 0 0 0 0   
150 358798 4427704 0 0 37 0 0 0 0 1 
151 358800 4427805 0 0 53 0 21 37 0 1 
152 358795 4427896 0 0 46 0 60 44 0 0 
153 358805 4428003 0 0 123 0 78 12 0 0 
154 358797 4428104 0 0 50 0 28 0 0 1 
155 358699 4427894 0 0 282 0 1 10 47 0 
156 358698 4427799 0 1 260 0 4 69 0 0 
157 358697 4427705 0 3 384 0 12 0 0 0 
158 358698 4427598 0 0 175 0 0 5 0 0 
159 358702 4427496 0 0 80 0 13 0 56 0 
160 358699 4427405 0 0 28 0 2 0 7 0 
161 358600 4427508 0 1 14 0 1 0 0 0 
162 358601 4427607 0 0 27 0 3 2 12 0 
163 358610 4427702 0 0 7 0 24 16 75 0 
164 358604 4427804 0 0 11 0 17 11 0 1 
165 358601 4427902 0 0 170 0 0 3 0 0 
166 358498 4427896 0 0 103 0 0 0 1 0 
167 358499 4427799 1 10 55 0 0 0 17 0 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
168 358494 4427694 1 0 94 44 0 10 3 0 
169 358502 4427602 1 0 61 0 0 0 3 1 
170 358503 4427504 1 0 95 0 10 0 0 1 
171 358397 4427604 0 0 47 0 3 0 1 0 
172 358391 4427701 0 0 52 0 0 21 0 1 
173 358401 4427805 0 0 50 0 2 3 10 0 
174 358399 4427896 0 0 279 0 0 12 0 0 
175 358305 4427801 0 0 88 0 54 40 0 0 
176 358599 4427205 0 4 51 0 0 0 35 1 
177 358510 4427209 0 0 36 0 0 0 80 0 
178 358398 4427300 0 0 16 0 1 0 15 1 
179 358298 4427405 0 0 47 0 0 53 6 0 
180 358202 4427506 0 0 24 0 0 0 43 1 
181 358102 4427599 0 0 87 0 0 0 0 0 
182 357999 4427504 0 6 75 0 0 0 0 0 
183 357894 4427506 2 3 34 3 10 1 1 1 
184 357800 4427500 0 0 23 45 8 44 39 0 
185 358597 4427100 1 6 5 0 0 0 15 1 
186 358701 4427098 2 0 0 0 0 0 0 0 
187 358799 4427198 0 0 23 0 0 0 0 1 
188 358701 4427201 3 0 46 0 30 0 0 1 
200 358403 4428903 0 0 32 0 29 0 23 1 
201 358401 4428800 0 0 43 0 8 0 22 1 
202 358498 4428798 1 0 78 0 0 0 0 1 
203 358496 4428904 6 9 105 0 4 29 0 0 
204 358500 4428999 0 4 47 0 0 14 34 0 
205 358596 4429100 0 1 65 0 6 0 2 1 
206 358600 4428995 0 0 6 0 0 0 0 1 
207 358602 4428897 2 0 4 0 0 1 68 0 
208 358699 4428896 0 0 98 0 85 6 14 1 
209 358702 4429000 0 0 145 0 7 7 29 0 
210 358697 4429098 0 0 117 0 0 0 34 1 
211 358699 4429202 0 0 0 0 0 0 0 1 
212 358792 4429202 0 0 10 0 0 0 3 1 
213 358801 4429099 0 7 42 0 48 13 78 1 
214 358802 4429000 0 5 0 0 0 3 1 1 
215 358892 4429096 0 3 8 0 4 4 0 1 
216 358899 4429203 0 5 41 0 0 0 31 1 
217 358899 4429302 0 1 99 0 0 0 15 1 
218 359000 4429404 0 0 23 0 0 0 1 1 
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Point#  Easting  Northing  Garlic Trillium Spring Virginia Breeches Tooth Trout Shrubs 
219 358995 4429300 0 0 10 0 0 0 0 1 
220 359000 4429197 0 0 10 0 0 0 4 1 
221 358998 4429100 0 0 10 0 12 15 2 1 
222 359101 4429299 0 1 0 0 0 43 13 1 
223 359098 4429203 1 6 31 0 0 63 1 1 
224 358296 4428797 0 5 84 0 12 22 21 1 
225 358297 4428699 0 3 12 0 0 24 0 1 
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Spring 2009 Vegetation Data 
Key to column headings: 
Point # = Number designated for that plot  
Easting= GPS coordinates 
Northing= GPS coordinates 
Garlic= Number of A. petiolata individuals counted in 1 sq. m  
Trillium= Number of Trillium spp. individuals counted in 1 sq. m 
Spring= Number of Claytonia virginica individuals counted in 1sq. m 
Virginia= Number of Mertensia virginica individuals counted in 1sq. m 
Breeches= Number of Dicentra spp. individuals counted in 1sq. m 
Tooth= Number of Dentaria laciniata individuals counted in 1sq. m 
Trout= Number of Erythronium albidum individuals counted in 1sq. m 
Shrubs= shrubs present (1) or no shrubs present (0) in 1sq. m plot 
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Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
1 360598 4428697 0 0 0 0 0 0 0 0 
2 360591 4428610 0 0 0 0 0 0 0 1 
3 360498 4428903 0 0 0 0 0 0 0 0 
4 360499 4428804 0 0 0 0 0 0 0 1 
5 360501 4428695 0 0 0 0 0 0 0 1 
6 360500 4428592 0 0 0 0 0 0 0 0 
7 360505 4428399 0 0 0 0 0 0 0 1 
8 360400 4428299 2 0 0 0 0 0 0 0 
9 360399 4428397 3 0 0 0 0 0 0 0 
12 360399 4428698 0 0 0 0 0 0 0 1 
13 360401 4428801 3 0 0 0 0 0 0 1 
14 360405 4428903 1 0 0 0 0 0 0 1 
15 360402 4428998 0 0 0 0 0 0 0 1 
16 360298 4429098 9 0 0 0 0 0 0 1 
17 360299 4429002 0 0 0 0 0 0 0 1 
18 360300 4428895 0 0 0 0 0 0 0 1 
19 360301 4428797 0 0 0 0 0 0 0 1 
20 360297 4428696 0 0 0 0 0 0 0 0 
22 360199 4428598 0 0 0 0 0 0 0 1 
23 360197 4428695 1 0 0 0 0 0 0 1 
24 360205 4428800 4 0 0 0 0 0 0 0 
25 360197 4428901 0 0 0 0 0 0 0 1 
26 360196 4429004 4 1 0 0 0 0 0 1 
27 360205 4429098 0 0 101 0 0 0 0 0 
28 360104 4429105 0 0 38 0 2 0 0 0 
30 360099 4428900 0 0 0 0 0 0 0 1 
31 360096 4428802 0 0 0 0 0 0 0 1 
32 360099 4428700 1 0 0 0 0 0 0 1 
33 360100 4428600 0 0 0 0 0 0 0 1 
34 359999 4428697 0 0 0 0 0 0 0 1 
35 359996 4428802 0 5 0 0 0 0 0 1 
36 360001 4428907 1 0 40 0 0 0 0 1 
37 360002 4428997 0 0 24 0 0 0 0 1 
38 360004 4429100 0 0 14 0 0 0 0 0 
39 359897 4429005 0 0 26 0 4 0 0 0 
40 359899 4428900 0 0 140 0 0 0 0 1 
41 359899 4428801 0 0 67 0 0 0 0 1 
42 359902 4428700 0 0 0 0 0 0 0 1 
43 359896 4428602 1 0 0 0 0 0 0 1 
44 359900 4428500 0 0 0 0 0 0 0 1 
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Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
46 359898 4428297 0 0 0 0 0 0 0 1 
47 359899 4428201 0 89 0 0 0 0 0 1 
48 360001 4428203 0 0 0 0 0 0 0 0 
49 360201 4428200 0 0 0 0 0 0 0 1 
50 359798 4427997 0 0 0 0 0 0 0 1 
51 359800 4428098 0 0 0 0 0 0 0 1 
52 359803 4428202 0 0 0 0 0 0 0 0 
53 359800 4428300 0 0 0 0 0 0 0 0 
54 359800 4428401 0 0 0 0 0 0 0 1 
55 359801 4428495 0 0 0 0 0 0 0 1 
56 359806 4428598 5 0 0 0 0 0 0 1 
57 359802 4428702 0 0 0 0 0 0 0 1 
58 359794 4428801 0 0 5 0 0 0 0 1 
59 359801 4428900 0 0 0 0 0 0 0 1 
60 359798 4428999 0 0 95 0 7 0 0 0 
61 359695 4428901 1 0 30 0 0 0 0 1 
62 359698 4428797 0 0 0 0 0 0 0 1 
63 359696 4428698 1 0 0 0 0 0 0 1 
64 359701 4428604 0 0 0 0 0 0 0 0 
65 359697 4428500 0 0 0 0 0 0 0 0 
66 359699 4428398 0 0 0 0 0 0 0 1 
67 359706 4428299 0 0 0 0 0 0 0 0 
68 359699 4428198 0 0 0 0 0 0 0 1 
69 359701 4428104 0 0 0 0 0 0 0 1 
70 359701 4427994 0 0 0 0 0 0 0 1 
71 359598 4427898 0 0 0 0 0 0 0 0 
72 359602 4428001 0 0 0 0 0 0 0 1 
73 359602 4428101 0 0 0 0 0 0 0 1 
74 359600 4428204 0 0 12 0 0 0 0 1 
75 359600 4428297 0 0 0 0 0 0 0 1 
76 359600 4428399 5 0 0 0 0 0 0 1 
77 359600 4428501 1 0 82 0 0 0 0 1 
78 359601 4428605 0 0 0 0 0 0 0 1 
79 359601 4428699 0 0 45 0 0 0 0 1 
80 359596 4428801 0 0 29 0 0 0 0 1 
81 359503 4428700 0 0 25 0 0 0 0 1 
82 359499 4428602 2 0 112 0 0 0 0 1 
83 359500 4428502 0 0 0 0 0 0 0 0 
84 359500 4428399 0 0 2 0 0 0 0 1 
85 359499 4428301 0 0 78 0 0 0 0 0 
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Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
86 359503 4428200 2 0 90 0 0 0 0 0 
87 359503 4428103 0 0 25 0 0 0 0 1 
88 359500 4427999 0 0 76 0 0 0 0 0 
89 359500 4427897 0 0 120 0 0 0 0 1 
90 359397 4427803 0 0 8 0 0 0 0 1 
91 359403 4427898 0 4 17 0 0 0 0 1 
92 359396 4428001 0 1 4 0 0 0 0 1 
93 359395 4428099 0 0 2 0 10 0 28 1 
94 359399 4428200 0 28 16 0 2 0 32 1 
95 359403 4428301 0 1 15 0 0 0 0 0 
96 359401 4428501 0 2 95 0 0 0 1 1 
97 359401 4428607 0 0 0 89 0 0 0 0 
98 359402 4428699 0 0 44 0 0 0 0 1 
99 359296 4428598 0 0 49 0 0 0 0 1 
100 359299 4428496 0 0 15 0 0 0 2 1 
101 359302 4428401 0 0 15 0 9 9 27 0 
102 359301 4428300 0 1 21 0 0 0 50 1 
103 359306 4428201 0 0 3 0 0 0 0 0 
104 359299 4428100 0 7 5 0 0 0 0 1 
105 359304 4427999 1 0 5 0 0 0 17 1 
107 359297 4427805 0 0 0 0 0 0 0 1 
108 359297 4427699 0 5 5 0 0 0 0 1 
109 359200 4427601 1 0 17 0 0 0 0 1 
110 359200 4427702 1 8 0 0 0 0 0 1 
111 359199 4427803 0 0 14 0 0 0 130 1 
112 359200 4427895 0 0 7 0 0 0 13 1 
113 359200 4427999 0 3 8 0 0 0 115 0 
114 359197 4428099 0 11 9 0 0 0 5 0 
115 359199 4428205 0 1 5 0 6 0 18 0 
116 359197 4428301 0 0 60 0 2 0 93 0 
117 359201 4428401 0 1 5 0 6 0 18 0 
118 359102 4428398 0 0 115 0 2 0 0 0 
119 359095 4428301 0 0 20 0 9 6 39 0 
120 359098 4428205 0 0 4 0 1 0 8 0 
121 359098 4428097 0 0 5 0 1 0 4 0 
122 359099 4428004 0 0 8 0 29 0 70 0 
123 359100 4427895 0 1 15 0 0 0 4 0 
124 359099 4427801 0 0 14 0 0 0 59 0 
125 359098 4427697 0 0 63 0 2 0 0 0 
126 359100 4427497 0 0 0 0 0 0 61 0 
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Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
127 359096 4427401 0 1 47 0 15 0 18 0 
128 359002 4427300 0 0 12 0 0 1 0 1 
129 359002 4427401 1 0 79 0 0 0 0 1 
130 359002 4427505 0 0 0 0 0 0 0 1 
131 359002 4427604 2 0 5 0 0 0 0 1 
132 358997 4427698 0 0 7 0 0 0 9 1 
133 359001 4427798 0 0 62 0 0 0 6 0 
134 359001 4427906 2 0 3 0 1 0 9 0 
135 359001 4428000 0 0 11 0 5 3 89 0 
136 358999 4428101 0 0 4 0 41 0 4 0 
137 358999 4428202 0 3 60 0 24 9 6 0 
138 358999 4428303 0 0 29 0 19 0 4 0 
140 358903 4428002 0 0 40 0 22 26 0 0 
141 358898 4427908 0 1 0 0 10 0 215 0 
142 358898 4427799 1 0 18 0 11 0 139 0 
143 358899 4427702 0 0 20 0 18 0 15 1 
144 358897 4427604 0 1 11 0 0 0 0 0 
145 358897 4427502 0 0 12 0 0 0 0 1 
146 358901 4427404 0 0 0 0 0 0 0 1 
147 358801 4427404 0 0 8 0 0 0 0 0 
148 358798 4427503 0 0 2 0 0 0 0 1 
149 358803 4427599 0 0 75 0 0 0 0 1 
150 358798 4427704 0 1 56 0 0 0 0 1 
151 358800 4427805 0 0 38 0 0 14 0 0 
152 358795 4427896 0 0 34 0 29 13 0 0 
153 358805 4428003 0 0 38 0 12 4 0 1 
154 358797 4428104 0 2 20 0 2 0 0 1 
155 358699 4427894 0 3 50 0 11 6 43 0 
156 358698 4427799 2 0 65 0 49 18 10 0 
157 358697 4427705 0 0 125 0 1 0 8 0 
158 358698 4427598 0 1 164 0 0 0 0 0 
159 358702 4427496 0 0 60 0 32 0 0 1 
160 358699 4427405 0 1 32 0 0 16 18 1 
161 358600 4427508 0 0 39 2 0 0 1 0 
162 358601 4427607 0 0 8 0 32 1 8 0 
163 358610 4427702 0 2 16 0 29 5 41 1 
164 358604 4427804 0 0 6 0 43 19 86 0 
165 358601 4427902 0 0 123 0 4 21 0 0 
166 358498 4427896 0 0 8 0 1 6 0 0 
167 358499 4427799 0 3 16 0 0 0 4 1 
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Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
168 358494 4427694 0 0 47 15 8 7 20 0 
169 358502 4427602 0 0 3 0 1 0 0 1 
170 358503 4427504 0 0 35 0 0 0 0 1 
171 358397 4427604 1 0 21 0 12 0 0 0 
172 358391 4427701 0 7 15 0 0 9 25 0 
173 358401 4427805 0 2 16 0 5 0 12 0 
174 358399 4427896 0 0 119 0 18 19 3 0 
175 358305 4427801 0 0 78 0 35 19 0 1 
176 358599 4427205 1 1 10 0 0 0 7 0 
177 358510 4427209 0 0 8 0 0 0 130 1 
178 358398 4427300 0 4 3 0 1 0 4 1 
179 358298 4427405 0 0 4 0 0 23 0 1 
180 358202 4427506 0 0 7 0 0 10 20 1 
181 358102 4427599 0 2 16 0 4 8 3 0 
182 357999 4427504 1 0 15 6 4 0 6 0 
183 357894 4427506 0 6 20 28 0 5 0 0 
184 357800 4427500 0 2 20 28 1 10 28 0 
185 358597 4427100 0 0 8 0 5 0 7 0 
186 358701 4427098 0 0 0 0 0 0 0 0 
187 358799 4427198 0 0 10 0 0 0 0 1 
188 358701 4427201 0 0 8 0 0 10 0 0 
200 358403 4428903 0 0 15 0 15 0 125 1 
201 358401 4428800 0 0 100 0 4 3 45 1 
202 358498 4428798 0 0 10 0 0 0 13 1 
203 358496 4428904 2 0 25 0 5 0 21 1 
204 358500 4428999 0 0 45 0 0 20 0 0 
205 358596 4429100 0 0 14 0 0 0 0 1 
206 358600 4428995 4 0 11 0 14 0 18 0 
207 358602 4428897 0 0 7 1 0 0 0 0 
208 358699 4428896 2 7 14 0 20 11 6 0 
209 358702 4429000 0 0 7 0 2 45 92 0 
210 358697 4429098 0 6 60 0 0 0 3 1 
211 358699 4429202 0 0 0 0 0 0 0 1 
212 358792 4429202 1 0 0 0 0 0 0 1 
213 358801 4429099 0 5 6 0 10 0 18 1 
214 358802 4429000 1 0 25 0 0 9 31 0 
215 358892 4429096 0 7 44 0 13 0 23 1 
216 358899 4429203 0 2 9 0 0 0 0 1 
217 358899 4429302 6 4 28 0 0 0 0 0 
218 359000 4429404 1 5 12 0 0 0 1 0 
109 
 
Point#  Easting  Northing  Garlic  Trillium Spring Virginia Breeches Tooth Trout Shrubs 
219 358995 4429300 3 0 3 0 0 0 0 1 
220 359000 4429197 0 1 21 0 6 0 20 0 
221 358998 4429100 15 5 17 0 10 0 0 1 
222 359101 4429299 0 1 3 0 0 15 4 1 
223 359098 4429203 0 3 30 0 0 35 0 0 
224 358296 4428797 0 6 100 0 0 0 0 1 
225 358297 4428699 0 1 50 0 0 5 0 1 
 
 
 
